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A B S T R A C T
The structure, histology and blood supply of the pineal 
organ of the minnow are described. Its nerve connections 
are studied and their possible role in the colour response 
of the fish is suggested.
No evidence is found for hormonal activity of the pineal 
organ in the colour change of the minnow.
The structural modifications of the pineal organ in 
normal and blind fish in conditions of constant light, 
temperature, darkness and different background tints are 
described. Constant illumination together with constant 
temperature in the blind fish result in a very much folded 
pineal organ. It is suggested that a non-functioning 
photoreceptive state of the eyes (condition present in 
these blind fish and the normal and blind fish kept in 
darkness at a higher temperature) is responsible for the 
stimulation of the pineal organ at a constant higher 
temperature. The antagonistic reaction to the pituitary 
in relation to the ovaries is also described. Changes 
following hypophysectomy also suggest an antagonistic 
relation between the pineal organ and the pituitary.
The relations of the hypothalamo-hypophyseal system 
and its vascular supply are discussed with regard to the 
neurosecretory function of the nucleus preopticus and its
preoptico-hypophyseal tract and the transport and storage 
of the neurosecretory material. The developmental differen­
tiation of the system is studied.
Seasonal changes in the hypothalamo-hypophyseal neuro­
secretory system, especially the NPO-activity, are correlated 
with the reproductive cycle and their significance is 
discussed.
An attempt is made to interpret the relation of the 
optic nerves with the preoptico-hypophyseal tract. The 
relation of the latter with the commissure transversa is 
described, especially with regard to the possible relaying 
of messages from the cerebellum to the pituitary gland.
Aspects of the structure and cytology of the pituitary 
are described. Seasonal changes, especially in the meso- 
adenohypophysis, can be correlated with the reproductive 
cycle.
Some effects of hypophysectomy on the hypothalamic 
complex and on the gonads and thyroid gland are described.
In this connection some study is made of the morphology 
and blood supply of the thyroid gland. Possible inter­
relationships are further investigated by observing the 
effects of gonadectomy on the pineal organ, nucleus 
preopticus, pituitary and thyroid glands. The effects 
upon these structures in normal and blinded fish of 
illumination, background tint and temperature are also 
studied.
6 ' '
INTRODUCTION
The region of the pineal organ in the minnow has been 
recognised as being photosensitive since the work of von 
Frisch (19^ 1^  a,b). However, its structure, nerve connec­
tions and blood supply have not been examined in any detail 
and nothing is known regarding changes which may occur in 
response to illumination, darkness and temperature.
Further, there is relatively little information regarding 
the relationship of the pineal organ, hypothalamus and 
pituitary gland and the part which these may play in the 
life of the fish. The effect of hypophysectomy upon the 
pineal organ has not been investigated nor has the possibi-^ 
lity of an antagonistic relationship between the pineal 
body and the pituitary gland with reference to the gonads 
(Thieblot, 195^^ and Lowenstein, 1956).
Leaving the pineal organ itself, little is known about 
the hypothalamo-hypophyseal system of fish compared with 
the mass of information on the higher vertebrates. A 
study of this system in the minnow is therefore desirable, 
especially since neurosecretion in the nucleus preopticus 
was first shown by Scharrer (1928) in this fish. In the 
minnow the nucleus lateralis tuberis is absent but the 
nucleus preopticus is well developed and therefore may be 
studied much more readily than in those species where both 
nuclei occur. Practically nothing is known regarding the
role of this neurosecretion. If it plays a part in the 
control of the reproductive cycle of the fish asjit does 
in higher vertebrates (Assenmacher, 1957 a,b,c; Everett, 
1959; Gorbman and Bern, 1962; Harris, 1955; Scharrer, B, 
1959 and many others), it may be possible to correlate 
neurosecretory activity in the nucleus preopticus with 
seasonal cytological changes in the pituitary. The 
vascular relations between the hypothalamus and the 
pituitary are significant in this connection. Little is 
known about them in fish and their study in the minnow 
might help to clarify the situation. The effect of 
hypophysectomy upon the nucleus preopticus in fish has 
been investigated by Palay (1953)* Similar experiments 
on the minnow might show whether the fibres of the nucleus 
preopticus extend to the neurohypophysis as in higher 
vertebrates and whether the neurosecretory material is 
transported from the nucleus preopticus to the neurohypo­
physis. There is no information regarding possible effects 
of illumination intensity, background tint and temperature 
on the activity of the nucleus preopticus. Some study of 
these in the minnow is desirable with reference to seasonal 
changes in the nucleus preopticus in relation to the 
reproductive cycle as a response to external stimuli.
The nucleus preopticus may respond to external stimuli 
and affect the pituitary control not only of the gonads but 
also of the thyroid gland. In this connection the effect
of hypophysectomy on the ovary and the thyroid is of 
interest for the identification of gonadotrophs and thyro- 
trophs in the pituitary (Barrington & Matty, 1955)- 
Finally, for testing the existence of possible feed-back, 
the effect of gonadectomy may be studied on the thyroid 
gland, pituitary gland, nucleus preopticus and pineal organ.
These are some of the many questions which arise 
regarding the pineal organ and the hypothalamo-hypophyseal 
complex in the minnow. Some attempt to begin to answer 
them will be made in this Thesis.
MATERIAL AND METHODS
Fish were collected in traps from the River Lee at 
Essendon in Hertford from May, 1963 for two annual repro­
ductive cycles until May, 1965* In the first year a monthly 
sample of four fish was fixed, two in Heidenhain^s SUSA 
(Halmi, 1952), and two in Zenker-formol (Helly*s fluid).
For most of the year the fish were collected directly from 
the river. In winter months, when the fish probably retire 
into deeper water, a special provision was made. 30 - 40 
fish trapped in November were transferred to a box made out 
of sheet-zinc, measuring 2* x 1-J* x 1-J* and well perforated 
on all sides excepting the bottom. This was placed in deep 
water and fastened to a tree by a chain. The fish appeared 
normal and the stomach and intestine were filled like those 
of a normal fish. There was therefore no question of star­
vation. From these fish monthly samples for December and 
January were collected after an unsuccessful attempt at a 
direct collection. The fish collected on 6th May and 11th 
June, other than the monthly samples, were kept separately 
and from these the monthly sample consisting of four 
aquarium fish was taken and fixed in the same manner as the 
river fish. All aquarium fish were fed on minced beef heart 
and stat^ised wheat germ (Bemax). The fish were fixed in 
the shortest possible time after collection to avoid 
chances of stress (Scharrer, 1956) which might affect the 
neurosecretory flow. In the case of river fish the time
0which elapsed until fixation was about two hours. The water 
temperature of both river and aquarium was noted at the time 
of collection and is shown in Table Nos. 5. a , ^
River fish were kept in the river water until fixation. 
Fish were killed by cutting the vertebral column behind the 
head. Total body length was measured for each fish. The 
animal was severed in a dissecting tray and the parietal and 
frontal bones were removed to expose the brain as far forward 
as the anterior region of the optic lobes. The eyes were 
dissected out so that the fixative easily reached the 
pituitary gland, the myodome lodging the pituitary being in 
communication with the orbit.
The ovaries or testes were taken out and fixed in the 
same fixative as the head and relevant points such as the 
state of the gonads and nuptial coloration in the male were 
noted.
Fish were kept in the fixative for 24 hours and then 
washed overnight in running tap water. The brain was 
dissected out by removing the bones of the skull. In case 
where the pituitary was detached it was placed in the proper 
relationship to the brain at the time of embedding. 
Electrolytic décalcification by the method of Richman et al* 
(1947) was also used from December 1963 onwards. The recipe 
recommended in this method is 8% HCl and 10^ formic acid in 
a ratio 1 : 1 ,  but instead of formic acid, acetic acid was 
substituted in a similar proportion. An e.m.f. of 6 volts
î 1 '
was applied with the object as +ve electrode. Décalcifica­
tion was complete after 8 — 10 hours. Surrounding bones 
were removed, leaving the parasphenoid bone and associated 
muscle on the ventral side intact. The anterior half of 
the telencephalon and the brain behind the cerebellum were 
separated by a sharp incision. The remaining part thus 
left contained the required structures and provided a 
suitable size for microscopic preparations. This procedure 
of fixation was used for all the fish described in the 
present work. A larger monthly sample of river fish for 
statistical study was collected for the second annuâ^l 
reproductive cycle (Table ,2^^; 'A - . ) .
In all specimens the brain was dehydrated in the 
ascending grades of cellosolve (75% for 30 mins. to 1 hr.;
95% for 30 mins. to 1 hr. ; 100$ for 1-J hr s. with two changes); 
cleared in methyl benzoate for 1^ hours (two changes of 30 
mins. and 1 hr. respectively) and in benzene for one hour; 
embedded in equal parts of paraffin wax with melting point 
of 58^0 . and 66°C. for 3 hours (with a change after each 
hour). Serial sections (mostly V.L.S.) were cut at 5/^* 
Gonads were dehydrated and embedded in a similar way and 
cut at 6y U .
Early developmental stages of the minnow for the study 
of the pituitary and brain were fixed in Heid. SUSA (Halmi, 
1952); decalcified in 3% HNO3 in 70% alcohol or by the 
electrolytic method, and V.L.S. 5/^ thick were prepared as
1 7 ’ '
in the adult. For the study of structure, in particular 
the blood vascularisation of the pineal, pituitary - brain 
and thyroid gland, both early developmental stages and 
adults were fixed in, alcoholic Bouin*s fluid and decalcified. 
Serial T. Sections were then prepared. Perfusion with Indian 
Ink was not used for tracing the blood vessels in the brain 
and the pituitary because of the small size of the fish and 
because the alcoholic Bouin fixed quickly and gave clear 
differentiation of the blood vessels.
The following staining techniques were used :
1. Gomori*s (1950) aldehyde-fuchsin (AF) method, as 
recommended by Dawson (1955). Mostly used for Heidenhain*s 
SUSA (Halmi, 1952) fixed material.
2. Gomori * s (1941) chrome-alum haematoxylin-phloxin method 
(GCHP method), as recommended by Bargmann (1949» in Pearse, 
I960). Used for Held. SUSA (Halmi, 1952) fixed material 
only.
3. Paget’s trichrome method (Stahl & Leray, 1962) : Used 
for Zenker-formol fixed material mainly for PAS reaction of 
the basophils of the pituitary and for the differentiation 
of neurosecretory fibres from other tissues in the neurohy­
pophysis.
4. Heidenhain’s Azan method : Used in both fixatives, for 
the study^gonads, thyroid and the blood vessels.
5. Mallory"s: trichrome method : Used for Zenker-formol 
fixed material only in the study of pituitary and nerve
1 3
tracts between the habenular ganglion and the interpeduncular 
ganglion.
6. Rona & Morvov’s (1956) method. Used as in No. 5*
7. Performic Acid - Alcian blue method (Adams & Sloper,
1955, 1956). Used in Heid. SUSA (Halmi, 1952) fixed material 
for protein-bound cystine or cysteine. Counterstained by 
Phloxine.
The suitability of these staining methods is described 
where they are used. For the study of neurosecretion the 
AF-method (Dawson, 1955), (using basic fuchsin of Matheson 
Coleman and Bell (Norwood, Cincinnati), Ohio : East 
Rutherford N.J. U.S.A.), gave very good selective 
differentiation, much better than the GCHP method of 
Bargmann (1949)? in confirmation of the observation of 
Dierickx & den Abeele (1959) and Oksche et (1959) #
For the study of the morphology of the thyroid gland 
and of blood vascularisation in different parts of the 
diencephalon and pituitary, a graphical reconstruction 
method was used as follows. The magnification of a parti­
cular s«t of eye-piece and objective lenses at stage height 
(for the sake of uniformity) under a camera lucida was 
determined. This magnification multiplied by the thickness 
of the section gave the thickness of each section for 
graphical reconstruction. The eye—piece scale was calibrated 
with the stage micrometer scale and thereby the equivalent 
value under camera lucida magnification at stage height was
1 4
calculated. This equivalent value of the eye-piece scale 
was used for all measurements in graphical reconstruction 
and it corresponded with the magnified thickness of each
I
section. An arbitrary line was drawn on the graph paper 
and starting from one end, the points of the structures in 
consideration were plotted on either side of the line. 
Moving to the next section, the points were again plotted 
for the structures in accordance with the calculated magni­
fication. This process was repeated and the points of the 
same structure joined to construct it on graph paper. For 
different views, the measurements were made from the side 
required.
Young's Ringer (Pantin, 1946), used in making suspen­
sions of acetone-dried pineal organ or hypothalamus (the 
part including the nucleus preopticus) for intraperitoneal 
injections, consisted of the following :
NaCl - 5 .5 gm. )
KCl - 0.14 gm. \ made upto 1 litre in water.
)
CaCl^ ““ 0.11 gm. ]
The placebo used for the intraperitoneal injections of 
synthetic oxytocin and synthetic lysine vasopressin (Sandoz
preparation) consisted of the following :
Sodium acetate 3H2O 0,001 gm.
Acetic acid 0,002 gm.
Chlorobutol 0.0050 gm.
Ethyl alcohol 0.0050 gm.
Water to 1 ml. ; pH (20°C.) 4.0 (+ 0.3)
Part I The Morphology, Histology. Nerve Connections and
Blood Supply of the Pineal organ of the Minnow.
1• Introduction
The epiphysis or pineal organ of the minnow has been
well known for its photosensitivity since the work of von
Frisch (19^1  ^ a,b). Parker (1948) regarded the fish as 
exceptional in showing colour change due to a functional 
photoreceptive pineal organ. Steven (1965) has reviewed 
the subject. Recently Schaefer (1965) has studied the 
spectral sensitivity and absolute threshold of colour change 
of blind minnows and believes in direct light sensitivity 
of the diencephalon. Also, in her study on Phoxinus,
De La Motte (1965), after using light of different wave­
lengths, has stated the presence of porphyropsin in the 
pineal organ responsible for the light perception.
There are few other fish in which the pineal organ has 
been shown to give a striking photoreceptive reaction. 
Noteworthy are the genus Astyanax and its blind cave forms - 
Anoptichthys (Breder & Rasquin, 1950), and the sockeye 
Salmon smolt, Qncorhynchus nerka (Hoar, 1955)*
Scharrer (1928) gave a cursory account of the pineal 
organ in the minnow but he was primarily concerned with 
observing the effect of pinealectomy on colour change in 
the blind animal. Even in the survey of Gladstone & Wakeley 
(1940) on the pineal organ of vertebrates there is no mention
of Phoxinus.
2. M o r p h q l h i s t o  1 ogy and the effect of illumination and 
background tint on the pineal organ.
As in other teleost fish, the pineal organ of the minnow
is a tubular outpushing of the roof of the diencephalon (Fig. 
/8
2,^& 6a; p. 2>5 ), the latter forming the dorsal sac or
parencephalon. The entire organ can be divided into three 
of the four parts in the scheme of Tilney & Warren (1919) : 
(a) the proximal part which connects the stalk with the roof 
of the diencephalonjust in front of the subcommissural organ 
and behind the commissure habenularis; (b) the stalk which 
is more or less tubular; (c) the distal end-vesicle or 
anterior expanded part (Fig. 6a.; p.35;.
The stalk is elongated but varies somewhat in length 
from one fish to another. This variation seems to be 
correlated with the position of the *scheitelfleek'
(von Frisch, 1911 b), underneath which lies the anterior 
expanded part of the pineal organ.
The proximal part resembles the stalk in all essential 
respects excepting that the cavity is more constricted.
The pineal organ is quite well differentiated even in 
a fry 1.6 cm. in length. In a 4.5 cm. fingerling, the stalk 
grows out from the posterior region of the dorsal sac 
(Fig. 9; p. //// ), the latter being larger in proportion to 
the pineal organ at this stage than it is in the adult 
condition. In the adult fish, however, the stalk becomes 
laterally surrounded by the dorsal sac so that it appears 
projecting from about its mid-region. The stalk rxins
Fig. 1. — Ventral view of the brain of the minnow.
Fig. 2. - Dorsal view of the brain of the minnow.
Fig. 3. - Dorsal view of the brain and pineal organ 
of the minnow and its relation with the 
overlying bones.
Abbreviations :
CE - Cerebellum.
D.S — Dorsal sac.
EP — Pineal organ (its anterior expanded part)
EP.C - Epiphysial cartilage.bone.
EP.S - Epiphysial stalk.
F - Frontal bone.
HY — Infundibulum.
L.I — Lobi inferiores.
M.O — Medulla oblongata.
N — Nasal bone.
0.0 - Crossing of the optic nerves.
O.L - Optic lobe.
O.N - Optic nerve.
OR. G - Orbital cartilage bone.
P. - Pituitary.
PA — Parietal bone.
P.T - Perimeningeal tissue.
T — Telencephalon.
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Fig. 4 -
A. Two conditions of the anterior expanded part
of the pineal organ (EP.A).
B. L.S of the anterior expanded part of the pineal
organ(Camera lucida line drawing).
C. L.S of the pineal stalk (EP.S) - Camera lucida
line drawing.
Abbreviations :
B.V - Blood vessel.
E.L.M - External limiting membrane.
L. - Lumen.
S.C - Supporting cells.
SP.C - Sensory cells.
ERA
EP.S
A.
E.L.M.
/©/ 0
©
B
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FIG.4.
forward and joins the anterior expanded part of the pineal 
posteriorly in the middle. The stalk is relatively much 
broader in the early stage than in the adult where it is 
narrower and more tubular.
The anterior expanded part or end-vesicle of the pineal
organ is a dorso-ventrally flattened structure somewhat
semicircular in outline lying beneath the clear pineal area
on the head of the fish. Normally, its two surfaces present
a corrugated appearance through the parallel arrangement of
ridges, carrying the blood vessels (Pig. 6a, p. 35“ ). It
/./8
shows variation in its outline (Pig. 2^  4a; p. % q ). When 
fully stretched out it presents a semicircular outline, the 
folds being less conspicuous and the blood vessels running 
across it being more or less superficial in position. At 
other times it is somewhat rectangular in outline and the 
corrugated surface is more obvious, the folds being more 
prominent and the blood vessels deeper in position (Pigs.
41:^, 6b; p. 'hS' ). In both these cases of structural 
variation, the anterior expanded part of the pineal organ 
lies within the limits of the *scheitelfleek *. Its two 
surfaces enclose a cavity between them which is continuous 
through the stalk with the cavity of the diencephalon.
Under different background tints (white, black, brown 
aquarium tanks or sinks) and varying photoperiodicity, the 
pineal organ (anterior expanded part) of a normal intact 
fish shows a condition almost similar to that already 
described as normal.
Pig. 5 - (AP method counterstained by Orange G )
a. - T.S (oblique) of the stalk region and
anterior fragment of the pituitary of the 
incompletely hypophysectomised fish. 
Showing accumulation of the neurosecretory 
material in the stalk region (10 x 8 mm.).
b. - Nucleus preopticus of the control (Aq.
fish) for hypophysectomised fish (10 x 
16 mm.).
c. - V.L.Section of the pineal organ of the
hypophysectomised fish. Showing hyper­
activity and hyperplasia in the form of 
a cellular growth within the lumen (10 x 
16 mm. ).
d. - V.L.Section of the very much folded pineal
organ of the blind fish kept in constjkf. 
light and const, temperature for about 
three months (10 x 8 mm.).
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Fig. 5. - Sections of ovaries of fish groups A - C
(Table 1b,p.3;2>), stained by the
Heidenhain's Azan method.
e. - Group A., showing;
i. very few oogonia. 
ii. secondary oocytes more in the first 
phase of vittelogenesis than in the 
second phase, 
iii. corpora atretica few.
f. - Group B., showing:
i. large number of oogonia. 
ii. secondary oocytes none, 
iii. corpora atretica (co.at.) none.
g. - Group C., showing:
i. very few oogonia or absent, 
ii. secondary oocytes in the first phase 
of vitellogenesis more than in the 
second phase, 
iii. corpora atretica extremely few 
otherwise absent.
e.
f.
f i g .5.
A
2 5
2 6
Fig* 5. - Sections of ovaries of fish groups D - F
(Table 1b,p*52r ), stained by the
Heidenhain's Azan method* 
h* - Group D*, showing:
i. large number of oogonia* 
ii* secondary oocytes in first phase of 
vitellogenesis few in number, in the 
second phase none* 
iii* corpora atretica (Corp. at.) none*
i* - Group E., showing: 
i* few oogonia.
ii. secondary oocytes in the first and 
second phase of vitellogenesis equal 
in number to the primary oocytes* 
iii* corpora atretica (Corp.At.) many*
j* - Group F*, showing:
i. few oogonia but more than in Gr.E.
ii. secondary oocytes in the first phase 
of vitellogenesis more in number 
than in the second phase* 
iii* corpora atretica (corp.At.) many 
but less in number than in Gr,E.
C^f^.AC
Co t K .At
#
Cor|i. At,
[— Co^ ji-At
FIG.5.
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A number of groups of fish (Tables 1 a,b^ p.5/;3%,) were 
examined for structural changes in the pineal organ as a 
result of different physiological states of the fish. Blind 
fish in aquarium (Group A; Table 1b; p. 32^ ) in constant
illumination at 18-19^0 showed a very much folded pineal 
organ consistent with the observation in one blind fish 
(Fig. 5d^ under similar conditions at a temperature of 
18^0+1^0 (Group E., Table 1a; p. b/ ). A similar folded 
condition of the pineal organ is present in the blind fish 
and also in 5 out of 5 normal fish (Groups E & F, Table 1b;
P* 32/ ) kept in the dark room at 18-19^0, differing from 
similar fish kept in darkness (Groups F & G; Table la; p. 3/ ) 
but at uncontrolled temperature. On the other hand, the 
normal fish (Groups B & G, Table 1b; p. 3 2/ kept in cons­
tant illumination and temperature (18-19^0) show a normally 
folded pineal organ although a comparision between two groups 
of fish kept on a white and a black background respectively 
shows a slightly more folded condition in the latter.
The anterior expanded part of the pineal was also found 
very much folded in only two hypophysectomised fish which 
were studied and in one fish which had been on a white back­
ground for about three years. In one of the two hypophy­
sectomised fish (35 days) the anterior expanded part of the 
pineal organ was not only very much folded but there was a 
well developed tumorous in^growth in the cavity containing 
AF +ve patches (Fig. 5c, p. 2/3 )• The fish was normal in
every other respect like the control (aquarium fish) placed 
on a white background. (The effect of hypophysectomy on the 
gonad (ovary) is described and discussed on pp,5/&^). This 
indicates a pineal hyperplasia following hypophysectomy.
In the three gonadectomised fish killed 31, 53 and 208 days 
after the operation, the anterior expanded part of the pineal 
organ remained normally folded,(Table la., p. 31).
The relation of the pineal organ and the dorsal sac to 
the overlying bones of the skull is shown in Fig. 3; p./g). 
The *scheitelfleek *, i.e. the clear area above the pineal 
organ, is formed by the postero-median parts of the nasal 
bones just in front of the place where they are articulated 
to the frentals. Underneath the level of articulation of the 
nasal and frontal bones is a cartilage bone, the epiphysial 
bone, which forms a band-like covering over the pineal stalk 
and most of the posterior part of the dorsal sac. The 
covering skin in the region of the *scheitelfleek* has almost 
the same number of melanophores as in the surrounding area 
but it looks clear because there are only few sparsely 
situated melanophores on the underlying bones and a crowding 
of melanophores along the sutures of the surrounding bones. 
The *scheitelfleek * includes the whole of the anterior 
expanded part, along with a small anterior part of the stalk 
and the dorsal sac. This area is more prominent in a pale 
than in a dark fish.
30
Legend to Tables 1a. & 1b.
Normal folding - The folded condition of the pineal
organ (as seen in a vertical longi­
tudinal section, Fig. 6a,p.35) 
present normally in the river and 
aquarium fish and fish under many 
experimental conditions.
Subnormal folding- Where the folded condition of the pineall
organ is less so than in normal
folding i.e. flat or nearly so.
Very much folded
condition - Where the folded condition is
greater than in the normal folding.
Normal fish — Sighted or seeing fish.
Table No. 1a. Anterior expanded part of the pineal organ
Gr. No .of 
fish
Period Const.light 
and temp.
Coast. 
light
Uncontrolled
temperature
Darkness P ^ i t e Black
Bk.gd.
Normal 
. .laldihg...
Very much 
folding
Subnormal folding 
Flat or neailv so
Pineal area 
exposfid
A 2
Normal 
1st Nov. 
-28th 
December
- - - -
B 1
Normal 
1st Nov. 
-24th. 
Eebruary
18°C
+1°C - - -
+ - - -
0 2
Normal 
28th Nov. 
-24th Peb
18°G 
. ±1°C
- - - - - -
D 1 — do — - + 10°C - + - + - - +
E 1 Blind
9th Dec.- 
7th Mar.
18®C
±1°C
- - - , + - - + - +
E 1 — do — - - 10.5°C + - -
G 1 Normal - do - - - 10.3°C + + - -
H 2
Normal 
2nd Sep.- 
16th Apr.
- - 12.3°C - + - -
I 2 - do - - - 12.5°C - s ^  + - + - - +
J 1
2
Normal 
( Gonadec­
tomised) 
1st July- 
24th Feb.
- - 10°C -
i _ '
+
+ - - +
K 1 Normal - do - - - 10°C -
I! _ + + - - +
L 1 1 Normal _ _ 14°G -
+
.i 3 yra. - - + - +
M 2 Normal Hypophy­
sectomised -
- 19°C - + - - -
N
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Normal 
River fish 
Normal 
Aq. fish I
1 _ -
-
_
-
+
Note: 1. Last group of fish (N) were those from the monthly
samples during May 1953 to April 1964.
2. Gonadectomised fish (Group J), 3 in no., the ovary
regenerated slightly at the anterior end. 4
2' - They were killed 31 and 33 days after operation.
Hypophysectomised fish - Group M., the stalk and a small 
anterior part of the pituitary being left.
3 2
Table No. 1b.
Group I No.of fish Period [Const.light Const. 
_______ Used________________ I and temp. Light
10
Blind
fish
Apr.-June 18-19 C 
(Aquarium)
I Primary Sec.oocyte in
:'■] oocytes 1st & 2nd
 _________________._____________________________________________ in diff.phases of -Corpora"
"Uncontrolled 1 Darkness White Black Normal V.much Oogonia stages vitellogenesis .tretica
temperature_____ _________ Bk.gd.Bk.gd.folding folding_________ of dev.___________________ _______
Very
- - - + few in + More Pew Pew
number
B 10 Normal +fish 18-19°G
Apr.-June
(1)
Parasiti­
sed.
None None
C 7
Normal +
fish 18-19 G
Apr.-June
Very
few
other­
wise
absent
More Less
Extremely 
few other­
wise 
Absent.
Normal
fish
Apr.-June
Large
number
Pew in None 
number
Blind
fish in -t- n
dark-room 18-19 G 
Apr.-June
Early Equal in no 
Prim, to the Prim 
Oocyte Oocytes.
ManyPew
More 
than 
in the 
Blind 
fish
LessNormal 
fish in 
dark-room
Early
Prim.
Oocyte
More Less
than 
in 
Gr. E,
(2) (3)
Gr. E,
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Histology : (Figs* 4 and 6)
Heidenhain’s Azan and Gomori's Chrome-alum Haematoxylin 
Phloxin methods were used, the latter giving the better 
differential staining of the pineal organ. The histology of 
the organ was studied from serial transverse and vertical 
longitudinal sections.
The pineal organ is covered by a thin outer limiting 
membrane of flattened epithelial cells. The wall of the 
pineal organ is folded and contains two types of cells.
These can be distinguished only by their nuclei (in section), 
round and rod-like respectively, since their cell outlines 
are not clearly differentiated from one another. They 
possibly form a syncytium. The cells with rod-like nuclei 
usually lie towards the peripheral region and are thought to 
be sensory because they are relatively closer to the nerve 
fibres. Those with rounded nuclei are situated towards the 
inner side and probably have a supporting function. The 
cytoplasm is uniformly granular and does not indicate a 
secretory activity. It projects somewhat into the lumen, 
giving the appearance of an uneven surface as in Squaluik 
acanthias (Holmgren, , Acipenser sturio, Belone acus
(von Studnicka, 1905) and Dermogenys pusillus (Friedrich- 
Freksa, 1932; Bargmann, 1943)* As in these fish, the inner 
cytoplasmic projections might belong to the suggested sensory 
cells. These projections are Gomori*s AF +ve, suggesting a 
layer of precipitated albumen on the inner surface. They are.
34
Fig. 6.
a. - V.L.Section of the brain to show the
disposition of the pineal in relation 
to the dorsal sac (D.S) and habenular 
ganglion (G.H.), GCHP, 10 x 25 mm.).
b. and c. - L.Sections of the anterior expanded
part and stalk of the pineal organ 
( GCHP, 10 X 4- mm.).
Abbreviations:
B.V - Blood vessel.
E.L.M - External limiting membrane.
EP.S - Pineal stalk.
~ Anterior expanded part of the pineal organ. 
Ii - Lumen.
SE.C - Sensory cell.
- Supporting cell.
T - Telencephalon.
TR.P - Tractus pinealis.
3S
E.P.A.
_________   E L M .
...
i»
FIG. 6
oo
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however, PAS -ve and this indicates the absence of any glyco- 
or muco-proteins which might be associated with a hormone.
In the stalk region the arrangement of nuclei of the 
sensory and supporting cells is more uniform and regular 
than in the anterior expanded part. According to Van de 
Kamer (1965), the pineal organ is composed of sense cells, 
ganglion cells, and supportive elements, but in the minnow 
the ganglion cells are not seen.
According to Kappers (1920), in the embryonic condition 
of fish the ependymal cells as well as the choroid epithelium 
of the dorsal sac are provided with cilia which later become 
less evident and finally disappear. In the minnow the cilia 
are retained on the choroid epithelium of the dorsal sac in 
the adult condition but they disappear from the pineal organ 
during later development.
No vacuoles are seen between the epithelial cells of the 
pineal organ, unlike the condition reported by Scharrer (1928) 
However, empty blood capillaries are sometimes seen between 
the folds.
5. Nerve connections and vascularisation of the pineal organ.
(a) Nerve connections :
The pineal organ in the minnow is connected by a single 
tractus pinealis to the habenular ganglion of the right side 
(Fig. 10). The nerve is formed by the collection of a large 
number of unmyelinated fibres at a place where the stalk is 
joined with the anterior expanded part of the pineal organ
Fig* 7 - V.L.Section of the brain of the minnow
(GCHP, 10 X 8 mm.).
a. - Showing the tractus pinealis lying dorsal
to the posterior commissure.
b. - Showing the ÿractus pinealis joining the
habenular ganglion of the règht side.
Abbreviations :
F.R - Fasciculus retroflexus.
G.H - Habenular ganglion.
P.C - Posterior commissure.
TR.P - Tractus pinealis.
P.C.
TR.P.-
a.
lOOAl
FI G. 7 100 yO,
Fig. 8 . -
a. - V.L.Section of the brain of the minnow
to show the tractus pinealis (TR.P) 
before traversing the fasciculus 
retroflexus (GCHP., 10 x 4 mm.).
b. - H.L.Section of the brain of the minnow to
show the fasciculus retroflexus (F.R) 
joining the interpeduncular ganglion (I.P.G.) 
without any decussation. (G.Rona and 
I.Norvov's method, 1956., 10 x 8 mm.)
Abbreviations :
G.H - Habenular ganglion.
a. M
/OO/JL
# # #
F.R.
# # #
m
FIG. R
I.P.G.
lOO/U.
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(Fig. 10). In the epiphysial wall of the minnow there are 
none of the bipolar or multipolar cells which were described 
for some other fish such as Osmerus (Holmgren, 1917-18).
The nerve fibres therefore seem to be connected with the 
sensory cells of the epiphysial wall in which they ramify.
The nerve runs along the ventral side of the stalk (Fig. 10; 
p. 44 ), more usually on the right side, and after turning 
dorsally in the proximal part runs along the dorsal side of 
the * Schalt stuck *, i^ e. the ventricular lining of the pos­
terior commissure (Scharrer, 1928). The nerve leaves at 
about the mid-region of the posterior commissure and runs 
laterally forwards. It then passes through the fasciculus 
retroflexus (Meynert’s bundle) of the right side and becomes 
connected with the habenular ganglion of the right side at 
its posterior end. During its course backwards to the 
habenular ganglion it is probable that the fibres of the 
tractus pinealis are given out which innervate the sensory 
cells of the stalk (Figs. 7 & 8a; pp# 39;^o).
The sensory cells of the pineal organ are neurosensory 
cells according to Kappers et al. (1936) and they are 
connected in the minnow by their neuraxes with the habenular 
ganglion of the right side.
Some teleosts have asymmetrical habenular ganglia, e.g. 
Osmerus^Perea and Gadus, but in most teleost fish which have 
been investigated e.g. in Zoarces and Renieeps (Kappers et ul., 
1936) and in the minnow, the habenular ganglia are equal in
size. In the minnow they present a circular outline in a 
lateral view. Their nuclei are mostly peripheral in position. 
Each habenular ganglion gives out the following tracts of 
unmyelinated fibres.
(i) From the dorso-lateral part of the ganglion a nerve 
tract is given out and joins its fellow of the opposite side 
to form a thick commissure habenularum (not shown in Fig.10, 
p. 44 ).
(ii) In the anterior region of the ganglion a tract of fibres 
is given out ventro-laterally called the tractus habenulo- 
thalamicus. The latter passes to the upper part of the 
thalamus.
(iii) Posteriorly, a tract is given off known as the tractus 
habenulo-peduncularis or fasciculus retroflexus (Meynert *s 
bundle). On leaving the habenular ganglion it runs along the 
dorsal side of the thalamus and then passes posteriorly 
between the tegmentum and the thalamus along the upper side 
of the third ventricle. More posteriorly the third ventricle 
passes into the optocoele dorsally and the cavity of the 
infundibulum ventrally. In this region the tractus habenulo- 
peduncularis lies along the ventro-lateral side of the 
optocoele in the tegmentum. It then runs postero-ventrally 
to join the interpeduncular ganglion. This median, morpho­
logically paired ganglion is situated in the minnow at the 
base of the anterior and of the medulla oblongata and not
at the anterior and of the mid-brain unilikiemost teleosts.
Fig. 9. - Pineal organ and its vascularisation.
(Graphical reconstruction from serial 
T.S of a fingerling 4.5 cm. in length).
Fig. 10. - Diagrammatic view of the pineal organ
showing its nerve connection (TR.P) with 
the Rt. habenular ganglion (G.H) which runs 
ventral to the stalk (although shown in 
this diagram as lying on the dorsal side). 
Also showing the nerve connections 
between the habenular ganglia and the 
interpeduncular ganglion (I.P.G.).
Abbreviations :
D.S - Dorsal sac.
E.A - Epiphysial artery lying on the underside
of the epiphysial stalk but shown in the 
diagram as lying on the dorsal side.
EP or EP.A- Anterior expanded part of the pineal organ. 
EP.S - Epiphysial stalk.
EP.V - Epiphysial vein.
F.R - Fasciculus retroflexus.
H.V - Head vein.
I.O.S - Inferior orbital sinus.
I.e.V - Intracranial vein.
N.B. - Mid brain.
O.T. - Optic tectum.
F.C - Posterior commissure.
F.V - Pituitary vein.
S.G.V — Supracerebral vein.
S.O.S — Superior orbital sinus.
T - Telencephalon.
s o. S;
I.O.S.
S.C.V
I.O.S.
0 5 mm
FiG.q
ER
TR.P
D.S.
EP.S
GH
F.R P.C
M.B. O.T.
l:P.G
FIG. 10.
(According to Kappers et (1936), the anterior end of the
medulla is recognised to be that part which lies behind the 
plane where the trochlear nerves decuss)*
Before joining the ganglion interpeduncularis, the 
tractus habenulo-interpeduncularis of the left side gives 
off a small branch which joins the inter-peduncular ganglion 
along its right side, while the main tract joins on its own 
side (Bigs. 8b & 10; Examination of serial sections
through different planes shows that in the minnow there is no 
decussation or crossing over between the tracts of the two 
sides before joining the interpeduncular ganglion unlike the 
condition described by Kappers et al. (1936) for ganoid and 
teleost fish. The fibres of this tract are unmyelinated and 
appear as naked neuraxes, since they are stained blue like 
the axoplasm of myelin fibres by the Mallory \s trichrome 
method.
(b) Blood supply:
Practically nothing is known about the blood supply of 
the pineal organ in fish. In the minnow the general dis­
position of the blood vessels in relation to the pineal organ 
of a fingerling 4*5 cm. in length is shown in Big. 9 (p* )•
The posterior cerebral artery enters the perimeningeal mem­
brane of the brain anterior to the lobi inferiores (Big.25; 
p.109 ). In the antero-dorsal part of the latter it divides 
into two branches. The anterior branch takes the blood to 
the nucleus preopticus and the other branch which is the
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larger of the two, runs dorsally until it comes to lie in 
the tegmentum lateral to the roof of the third ventricle.
In the region of the torus longitudinalis it gives off a 
small branch which, after traversing the torus longitudinalis, 
comes out on the surface of the mid—brain and runs forwards 
over the dorsal surface of the dorsal sac. This blood 
vessel may be called the epiphysial artery. It runs on the 
underside of the pineal stalk, giving off smaller branches 
which become connected with blood vessels at the posterior 
margin of the anterior expanded part of the pineal organ 
(Big. 9; p* 4 4  )• The blood vessels form a plexus both
on the underside and on the upper surface of the anterior 
expanded part and lie in the folds so characteristically 
seen in the vertical longitudinal section of this region 
(Bigs. 4 & 6; p. ^  ). The blood from this plexus is
drained into larger blood vessels situated laterally which 
open extracranially into the superior orbital sinus on 
either side. Underneath the pineal stalk there is present 
another blood vessel which drains the pineal plexus into 
the blood vessels on the dorsal surface of the dorsal sac 
and finally into the superior orbital sinus. The blood 
vessels of the pineal complex, arteries or veins, remain 
superficial in position and have never been seen entering 
the tissue of the pineal organ.
4. Discussion :
The pineal organ has been divided into four parts (see 
p. /6 ) by Tilney & Warren (19''9)> but in the minnow the
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peduncle is not distinguishable.
According to Gladstone & Wakeley (1940) in the teleost 
fish in general there is a tendency towards a short stalk 
and a large end-vesicle but in the minnow the stalk is fairly 
elongated, although not so much as in Ophidium (von 
Studnicka, 1905).
Reviewing the physiology of the pineal organ in the 
mammals and birds, Kit ay & Altschule (1934-), concluded that 
there is some evidence for the existence of an antagonistic 
reaction with the pituitary in relation to the gonads, thus 
confirming the conclusion of Thieblot (1954). Pinealectomy 
evokes gonadal stimulation perhaps through increased secre­
tion of gonadotropins or a greater sensitivity to such 
hormones.
In fish, the little work M  known in this direction 
## indicates that the pineal either does not influence the 
reproductive system, as shown by pinealectomy of male 
Gasterosteus (Schonherr, 1955)i or inhibits it, as shown in 
Lebistes (Krockert, 1936; Pflugfelder, 1953i 195^)-
In the minnow, in Groups L and M (Table la; p. )
where the pineal is very much folded or hyperactive, the 
basophils are either in a resting condition, as in fish 
white-adapted for 3 years, or they are mostly small or absent,
as in the hypophysectomized fish.
In both the hypophysectomized fish (28 days and 35 days) 
the anterior expanded part of the pineal organ became 
hyperactive or showed hyperplasia and was probably
secretory in function as shown by the presence of AF+ve 
patches (Fig* 5o; p. 2,5 )• This would seem to confirm the
conclusion of Thieblot (195^) and Lowenstein (1956) that an 
antagonism exists between the pineal and pituitary. (In 
the rat and guinea-pig, according to den Hartog Jager (1939), 
hypophysectomy has no effect on the gross histological 
appearance of the pineal gland but increases pineal uptake 
of p^^ and I^^^ by 70 to 900 per cent in the rat).
Von Frisch (1911 » a,b) and Scharrer (1928) showed the 
photosensitivity of the pineal organ in the minnow. Subse­
quently photosensitivity of the pineal region was demons­
trated in Astyanax by Breder & Rasquin (194-7) * Following 
this work on fish, Lowenstein (1956) described morphological 
and physiological changes in the pineal organ of Astyanax 
kept in darkness and light.
Experiments on the minnow show that the pineal organ 
becomes very much folded in Group E (Table la; p. 3/ ) and 
Groups A, E and 3 out of 5 ia Group F (Table 1b; p. 32/ )•
These observations indicate photosensitivity of the pineal 
organ in the absence of the eyes at 18-19^0, both in light 
and darkness (Groups A & E, Table 1b; p. 32/ )• They thus 
provide evidence for the existence of a relation between 
the eyes and the pineal organ. Even in the seeing fish in 
darkness (Group F, Table 1b; p. 32/ ) i eyes take no more 
part in photoreception than they do in the blind fish.
This is also suggested by the observation that the pineal
organ, in fish placed on white and black backgrounds Groups 
B & G, (Table 1b; p. 32 ), is somewhat better developed in 
the latter. This is probably due to the fact that in the 
fish placed on a black background the dorsal part of the 
retina of the eye does not receive enough reflected light 
and is therefore functioning at a low level, thus altering 
the physiological condition of the eye. In all such altered 
conditions of the eye the photosensitive pineal becomes 
stimulated and reacts more, bringing about greater thickness 
and folding in its wall. The result of the folding may be 
to increase the photosensitive sensory surface of the pineal.
In the blind fish in Groups A & E (Table 1b; p. 32/ ) 
the ovaries show a reduction in the number of oogonia but 
the development and maturation of the oocytes continues 
unabated. This is much more pronounced in the fish kept in 
darkness where there are many secondary oocytes in second 
phase of vitellogenesis and oolysis leading to the formation 
of corpora atretica. In Group A (constant illumination) 
secondary oocytes in the first phase of vitellogenesis are 
more than in second phase of vitellogenesis and the corpora 
atretica are less frequent. This suggests that light, at 
a high temperature, does not as much expedite the further 
development and maturation of the oocytes while its absence 
at a high temperature does. A comparison of the ovaries of 
blind and normal fish (Group A & C Table 1b; p. 32/ ) also
shows little difference in their physiological condition as
so
indicated, by their histological appearance. However, the 
ovaries of both these groups differ remarkably from those 
of Group B (Table 1b; p. 3Z )• This difference in the 
state of the ovaries seems to be due only to the degree of 
functioning of the eyes. The absence of the eyes in Group A 
and the partly functioning eyes in Group 0 (due to black 
background) seem to alter the state of the ovaries in 
comparison with that present in the fish belonging to Group B 
kept on a white background with fully functioning eyes (Table 
1b; p. 3%, ). This is further shown when a comparison between 
the ovaries of fish kept in a dark room i.e., Groups E 8c F 
(Table 1b; p. 2)2/ ) is made. The ovaries show a greater 
development of the oocytes and oolysis in the blind than 
in the sighted fish. The ovaries of Groups B & D (Table 1b;
p. 32> ) show great similarity, especially with respect to
»
the formation of oogonia, and temperature within the range 
considered here (18-19°C) does not seem to affect their 
formation. According to Builough (1939) higher temperature 
favours further development and maturation of the oocytes 
in the minnow . (See Bigs. 3 e - j, pp. 25 & 27).
The data in Tables la & 1b (pp.31 &3Z) suggest the 
Gye—gonad (ovary) relationship and while the presence of 
eyes (i.e., more light) seems to help in the formation of 
oogonia, its absence inhibits their formation but favours 
further development and maturation of the oocytes.
It may thus be concluded that a non-functioning state
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of the eyes (as in blind fish in illumination and darkness, 
normal fish in darkness and also the fish on a black back­
ground to a certain extent), is responsible for the stimula­
tion of the pineal organ at 18-19^0. The antagonistic 
reaction of the pineal organ to the pituitary gland in 
relation to the ovaries is shown by the regression of the 
ovaries following hypophysectomy and by the greater develop­
ment and maturation of the oocytes and their ultimate 
oolysis on one hand and the lesser formation of the oogonia 
on the other as in the non-functioning state of the eyes 
at 18-19^0., already described. There are no data regarding 
blind fish in constant illumination and darkness and normal 
fish in darkness kept at an uncontrolled temperature except 
one fish each (in Table 1a, p. 31 , Groups B & G). More
data, if they had been available, would have helped in 
discussing the effect of low temperature on pineal and gonad
In the absence of data, nothing can be said about the 
position in male fish.
In the gonadectomised fish the pineal organ is normally 
folded. Shellabarger (1952) has shown hypertrophy in the 
pineal after castration in the chick but, according to 
Kit ay & Altschule (1954), effects of castration are variable
and no conclusion can be drawn.
In some juvenile fish, e.g. sockeye salmon smolts, 
Qncorhynchus nerka, and a few other species (Hoar, 1955)? 
the chromatophores cover or uncover the pineal area in
5 2
response to changes in the light (Breder & Basquin, 1950).
In the adult minnow, however, there seems to be no movement 
of chromatophores in the * scheitelfleck * which remains 
exposed in the different experimental conditions as well as 
under natural conditions (Table la, p. 51 ). In this respect 
the minnow resembles such fish as Jenkensia lamprotaenia, 
Gosse, Sardinella macropthalmus, Ranzani, and others (Breder 
and Rasquin, 1950) in which the pineal area, which is light 
sensitive, remains exposed.
In the adult Petromyzon there is a definite nerve tract 
from the pineal organ (epiphysis) to the right habenular 
ganglion as compared with few fibres connecting the para- 
pineal to the left habenular ganglion. According to Bendy 
(1907) this is responsible for the larger size of the right 
habenular ganglion and the fasciculus retroflexus. In the 
minnow the ganglion habenulae of the two sides are equal in 
size in spite of the fact that the tractus pinealis is only 
joined to the habenular ganglion of the right side. On the 
basis of the nerve connection with the habenular ganglion 
of the right side, the pineal organ (epiphysis) in the 
minnow resembles the pineal eye (epiphysis) of Petromyzon, 
(Bendy, 1907), pineal organ in Acipenser (Johnston, 1901), 
and young embryos of Ami a (Eycleshymer & Davis, 1897) «
The parapineal of Petromyzon is absent in the minnow, 
both in the embryo and the adult, unlike Salmonids (Hill, 
1894/''and ° A Z T E y c l e ^ 7^ Jr & Davis, 1897), and the parietal
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vesicle of Labeo umbratus (Steyn & Webb, 1960). As in Labeo
umbratus (Steyn & Webb, I960), and usually in other adult
not
teleosts the paraphysis does/occur in the adult minnow.
li^ Qsmerus (Holmgren, 1911-1918) there are two branches 
of the epiphysial nerve (tractus pinealis) each one of which 
further divides into a lateral twig going to the optic 
tectum and a mediam twig to the median part of the posterior 
commissure (*Haubenwulst*). Holmgren regards the condition 
in Qsmerus as morphologically similar to that of Acipenser 
with the difference that the two habenular nerves of the 
latter have become the nerves of the posterior commissure. 
According to him, in Qsmerus the epiphysial nerve does not 
normally bear any relationship to the habenular ganglion.
In exceptional cases the nerve may traverse the ganglion 
"and come out again. In the minnow, unlike the condition in 
Qsmerus, the single nerve tract is well defined and shows 
no branching. In this connection it may be mentioned that
I
Holmgran used silver impregnation methods but the present
t
study in the minnow has been made with other staining 
techniques (see Material and Methods pp. 9  ^ especially
the GCHP (Bargmann, 1949) and Rona & Morvov's (1956) methods.
Von Frisch (1911b) has shown that blind minnows are 
paler in darkness, but on shining a beam of light on the 
* scheitelfleck * or the pineal area, the fish darkens in a 
matter of a few minutes. This quick darkening may be 
attributed to a nervous action.
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The present work suggests that the nervous connection 
between the pineal organ and habenular ganglion, and that 
of the latter with the interpeduncular ganglion (which, 
according to Kappers et al. (1936), appears to send impulses 
to the visceral motor nuclei of the medulla oblongata) may 
play a role in transmitting inhibiting impulses to the 
pigmento-motor centre in the medulla (von Frisch, 1911b; 
Healey, 1957) and so cause melanophore dispersion. This 
suggestion is only based on morphological grounds and the 
exact physiological nature of these connections is not 
known.
Von Frisch (1911a) suggested that when light is thrown 
as a fine beam on the * scheitelfleck ' the cells of the 
pineal organ, through some chain of circumstances, may affect 
the pigmento-motor centre in the medulla. When some photo­
sensitive response persisted even after pinealectomy, von 
Frisch (1911b) suggested that the effect of light might be 
the result of activity of deeper lying in cells. Scharrer 
(1928) suggested that there might be cells in the third 
ventricle with a sensory-secretory function.
The proximal part of the pineal organ has a constricted 
lumen in communication with the cavity of the third ventricle 
and the possibility of any hormone, present in the cavity of 
the pineal organ, being passed into the cavity of the 
diencephalon as a result of some response to light can be 
doubted. The histological preparations by different staining
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techniques, moreover, show that the lumen of the pineal 
organ is quite empty. The only other possibility for a 
hormone being taken to the pigmento—motor centre in the 
medulla or to the effectors for direct inhibition, is 
through the presence of a very rich vascular plexus in 
relation with the anterior expanded part (end-vesicle) of 
the pineal organ.
The intraperitoneal injection of crude extract or 
suspension of acetone-dried pineal organs (the anterior 
expanded part along with the short stalk) from eighteen 
adult fish, made in 2 ml. of Young’s Ringer, into two white- 
adapted fish on a white background and two black-adapted 
fish on a black background did not alter the colour of the 
fish* It is worth recalling that Hewer (1926) obtained a 
similar negative result after intraperitoneal (?) injection 
(1 cc. of 1/12 gm. in 10 cc. Ringer) and intramuscular (?) 
injection (0.1 cc. of 1/12 gm. in 10 cc. of Ringer) of 
pinealin in two dark—adapted and two white—adapted minnows 
on dark and white backgrounds respectively.
These results do not indicate that the pineal organ in 
the minnow plays any part in the colour change hormonally.
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Part II The Hypothalamo-hypophyseal System in the Minnow 
A. Hypothalamus
1. Introduction
The hypothalamus is well developed in teleosts (Kappers 
et al., 1936). However, its physiology and its relation with 
its target organs in fish and other lower vertebrates are 
very little known compared to the vast amount of information 
on this subject in the mammals.
Cajal (1894) demonstrated the profuse innervation of the 
pituitary stalk and ’ superior lobe ’in young mice by a tract 
of fibres from a nucleus situated behind the optic chiasma. 
Later workers (Pines, 1925; Greving, 1926; Boon, 1938) 
correctly showed the origin of these fibres in the nucleus 
supraopticus and nucleus paraventricular is in the amniota.
Scharrer (1928) working on the hypothalamus of Phpxinus 
advanced an hypothesis that certain nerve cells in it have a 
secretory function Palay (1945)1 working on the catfishes 
Noturus flavus, Ameiurus nebulosus and Ameiurus melas, 
observed droplets with an affinity for acid-fuchsin lying 
along the preoptico—hypophyseal tract and accumulated in the 
infundibular process. He suggested that the tract might help 
as a centrifugal pathway of the neurosecretory material to 
the neurohypophysis in contradistinction to the theory of 
Collin (1928) and others who believed in the centripetal 
flow of the stainable material present in the pars nervosa. 
Scharrer & Scharrer (19^5) in a review, argued the possibility
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of transport of the colloidal secretion to the hypophysis*
Bargmann (1949) and Bargmann & Hi Id (1949) demonstrated 
the selective staining of the preoptico—hypophyseal tract by 
the Gomori chrome-alum haematoxylin method. Since then 
Scharrer*s hypothesis has gained a sound footing for explai­
ning the physiological relation of the hypothalamic nucleus 
with the pituitary gland. An hypothesis regarding the 
functioning of the hypothalamo-hypophyseal system was put 
forward by Bargmann & Scharrer (1951).
The Performic Acid - Alcian Blue method shows that the 
neurosecretory material is rich in cystine/cysteine (Sloper, 
1955; Adams and Sloper, 1955 & 1956). The cystine consti­
tutes more than 16$ of the posterior pituitary principles 
and on these grounds the latter are regarded similar to the 
neurosecretory material in possessing the cystine-containing 
substances (In Sloper, 1958). Experimental evidence suggests 
that the stainable neurosecretory material is firmly tied 
with the hormones of the posterior pituitary lobe (Ortmann, 
1951; Bargmann, 1956). According to Hild & Zetler (1953); 
Acher (1958) and Hartmann (1958), the neurosecretory material 
acts as a carrier substance for these hormones. Gabe (I960), 
in his cytochemical study, finds neurosecretion as PAS —ve. 
in fishes.
Drager (1950) claimed to have established the direction 
of flow of the neurosecretory material by demonstrating its 
collection at the sella turcica after hypophysectomy of the 
indigo snake (Scientific name not given).
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Hanstrom (1954) considers that the neurosecretory cells 
of the hypothalamus are clearly nerve cells and not gland 
cells. Olsson (1963) finds no characteristic feature in the 
neurosecretory cells which could not be matched with some 
nerve cell in the animal kingdom. Electrical activity as 
shown by the conduction of impulses, of the neurosecretory 
fibres of the nucleus preopticus, is known from the work of 
Potter & Lowenstein (1955) in Lophius and ai^least in some 
fibres of the nucleus preopticus in the goldfish (Carassius 
carassius) (Kandel, 1962). Mellinger (1963) has shown that 
injury to the preoptico-hypophyseal tract of Sc.yliorhinus 
caniculus causes melanization by not inhibiting the MSH cells 
of the neuro-intermediate lobe of the pituitary gland from 
de granulation. It thus further supports the view that the 
fibres of the preoptico-hypophyseal tract conduct impulses.
In the present knowledge it may thus seem that the 
preoptic nuclei respond to stimuli and the preoptico- 
hypophyseal tract serves to conduct impulses as well as 
pass the neurosecretory material to the neurohypophysis.
They have taken up the function of secretion and transporta­
tion of hormones in the endocrine metabolism of the animal 
and thus stand out distinctly from other nerve cells. The 
endocrine metabolism of the neurosecretory cells is similar 
in different animal groups but they have possibly passed 
through different and independent evolution in different 
groups in the animal kingdom. This may be considered in
agreement with van Oordt (1963) who found that the evidence 
for a common evolutionary origin of these endocrine phenomena 
was so meagre that he preferred the concept of an independent 
evolution in different groups.
Noteworthy publications on the anatomy and cytology of 
the hypothalamic nuclei and the hypothalamo-hypophyseal 
neurosecretory system of vertebrates are those of Scharrer 
(1928, 1930, 1932, 1935, 1941, 1963), Charlton (1932), Mazzi
(1952), Scharrer, Palay & Nilges (1945), Palay (1943, 1945, 
1955), Bargmann & Hild (1949), Smith (1951), Bargmann (1953, 
1954, 1958, I960), Stutinsky (1951, 1953, 1954, 1957),
Diepen (1954), Arvy et (1959), Pridberg & Samuelsson 
(1959), Scharrer & Scharrer (1937, 1940, 1945, 1954 a,b), 
Hanstrom (1954, 1956), Heller (1957), Bargmann, Hanstrom, 
Scharrer & Scharrer (1958), Kobayashi, Ishii & Gorbman (1959), 
Heller & Clark (1962), Dodd & Kerr (1963) and Sathyanesan 
(1965). The submicroscopic study of the hypothalamic nuclei 
is known from the work of Palay (I960), Scharrer (1962) and
Follenius & Porte (1962 b).
Among poïkilothermie vertebrates some information 
regarding the physiological control of the hypothalamus over 
the adenohypophysis and its target organs has been obtained 
(Bern & Nandi, 1962). In fish the close association between 
the neurohypophysis and the adenohypophysis may have to do 
with the secretion of the adenohypophyseal hormones 
(Wingstrand, 1959). This suggestion is based on the evidence
6 0
of morphological relationship. In the absence of a portal 
system in fishes it certainly appears that this close 
association may help in the secretion of the adenohypophyseal 
hormones through the neurosecretory substances after their 
diffusion into the blood sinuses. There is great uncertainty 
regarding the peripheral function (including water and salt 
regulation) of the neurosecretory substances, especially the 
water balance which is considered independent of the neuro­
hypophyseal control (Pickford & Atz, 1957; Wingstrand, 1959; 
Heller, 1963).
Attempts to discover the role of both natural and 
synthetic neurohypophyseal hormones (in pharmacological doses 
and not physiological) with regard to colour response in 
Pundulus were unsuccessful (Wilhelmi et , 1955). Enami 
(1955) showed the presence of a melanophore concentrating 
hormone in the crude extracts of the hypothalamus and
^ I-
pituitary of Parasilurus « Kent (1959, I960 a^, working on 
Phoxinus phoxinus, did not obtain results similar to those 
of Enami.
Neurosecretory activity of the nucleus preopticus in 
the release of thyrotropin in teleost fish is reported by 
Arvy et ad. (1958), whereas Olivereau (1960/*61) states that 
immersion in a .solution of thyroxine seems to stimulate the 
preoptic nucleus in Anguilla anguilla* According to Dodd 
et (I960) the neurohypophysis of elasmobranchs may
contain the thyrotropin-releasing substance.
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The correlation of the secretory activity of the nucleus 
lateralis tuberis of the hypothalamus with the release of the 
gonadotropin is known in a few fish (Arvy et al., 1959), in 
Cyprinus carpio (Krsulovic, 1961), in brook trout - Salvelinus 
fontinalis (Billenstein, 1962) and in a number of teleost fish 
(Stahl & Beray, 1962). Krsulovic (1963), however, could not 
find any parallelism between the intensity of neurosecretory 
macrovacuoles of the nucleus lateralis tuberis and the histo- 
physiological changes in the gonads of Sebastodes oculatus 
oculatus.
No such correlation of the secretory activity of the
nucleus preopticus with the seasonal changes in the reproduc-
& Scharrer
tive cycle was seen in Pundulus and Bufo (Scharrer/ 1945). 
However, Sawyer & Pickford (1963) have shown the presence of 
8-arginine oxytocin (arginine vasotocin) and 4-serine, 
8-isoleucine oxytocin ("ichthyotocin", "isotocin") in 
pituitary extracts from Pundulus heteroclitus and have 
suggested the regulation of the reproductive cycle by the 
latter hormone. Ball et al. (1965) have experimentally 
shown that an ectopic pituitary homotransplant in a hypophy- 
sectomised fish, Poecilia formosa, secretes the prolactin 
essential forÉrenh*. water adaptations but does not secrete 
gonadotropin, thus supporting the hypothesis of hypothalamic
control of gonadotropin.
Scharrer (1932) considered variation in the neurosecre-
tion in the minnow to be a cyclical effect concerned with
season. This conclusion was based on aquarium fish and he
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suggested that the free-living fish should be examined. The 
only other example is Morone labrax (Stahl & heray, 1962), 
where such cyclic modifications of secretions are present in 
a single cell of the nucleus preopticus. Scharrer's comment 
(in Stahl & Beray, 1962) that cyclical changes in the 
preoptic nucleus in relation to gonads has been studied in 
Pundulus by Dr. Grace Pickford is denied by the latter 
(personal communication).
The minnow has certain advantages as an experimental 
animal for the present investigation. It belongs to the 
Order Cypriniformes, in some members of which neural control 
over the reproductive cycle is known to be exerted by the 
nucleus lateralis tuberis e.g. in Cyprinus carpio (Krsulovic,
1961). However, the nucleus lateralis tuberis and the saccus
if present
vasculosus (which/receives fibres from the nucleus preopticus) 
are absent in the minnow (Scharrer, 1928, 1932) and this would, 
therefore, leave only the secretion of the nucleus preopticus 
for the control of the adenohypophysis. Especially signifi­
cant is the fact that this fish was the first animal used in 
investigations from which our knowledge of neurosecretion 
developed. Further, various other behavioural aspects 
associated with its endocrine activity have already been 
studied (Builough, 1939, 19#0; Frost, 19^3; Barrington and 
Matty, 1954-'55; Woodhead, 1956; Fortune, 1955, 1958; 
Barrington, I960 b) and these studies could prove very helpful 
in co-ordinating the present findings.
63
2. Morphology of the hypothalamus and the nucleus preopticus 
and its relation with the neurohypophysis of the pituitary 
gland.
As described by Kappers et (1936) for other teleost
fish, the diencephalon of the minnow can be divided into four
parts dorso-ventrally : the epithalamus, dorsal thalamus,
ventral thalamus and hypothalamus.
The disposition of the hypothalamus and its nucleus
Sc fs' éS .
preopticus in the minnow is shown in Pig. // p.6^. It follows 
the typical teleostean pattern excepting that the nucleus 
lateralis tuberis is absent as in Pundulus (Scharrer, 1932) 
and some other species e.g. nine species described by 
Charlton (1932). There is no saccus vasculosus (Scharrer,1928) 
The hypothalamus extends forward up to the anterior 
limit of the optic nerve where the latter joins the brain.
The cavity of the diencephalon (111 ventricle) extends 
ventrally into the hypothalamus and extends forward into the 
cavity of the telencephalon. Just before opening into the 
latter cavity, the 111 ventricle communicates with the dorso- 
ventrally situated preoptic recess dorsally and also ventrally
through the cavity of the hypothalamus.
Medio-ventrally the hypothalamus projects into a somewhat 
conical infundibulum which is connected at its posterior end 
by a short stalk (formed from the proximal part of its 
infundibular processes) with the pituitary gland. The cavity 
of the infundibulum (infundibular recess) ends a little short
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Fig. 11 Diagrammatic sagittal section of the brain of 
the minnow showing topographic disposition of 
the preoptico-hypophyseal system.
Abbreviations :
III.V. — Third ventricle.
A.G - Anterior commissure.
I.R - Infundibular recess.
M.AD - Meso-adenohypophysis.
MT.AD - Meta-adenohypophysis.
NHY - Neurohypophysis.
NPO - Nucleus preopticus.
O.N - Optic nerve.
O.N.B - Intrathalamic branche
P.AD - Pro-adenohypophysis.
TR.C - Transverse commissure
TR.P.H. — Preoptico-hypophyseal
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of the pituitary stalk and at no stage of the development of 
the minnow does it enter into the pituitary. The infundibulum 
(Fig. I jp • 13 ) gives out postero—laterally a pair of very 
large lobi inferiores (Fig. ( p./8 ), and a pair of small
sulci (sulci mammillaris, not seen from outside). The cavi­
ties of these structures, i.e. the recessi latérales (lobi 
inferiores) and the recessi posteriores (sulci mammilaris), 
remain in communication with the cavity of the infundibulum. 
From the ventral part of the infundibulum arises the 
pituitary stalk. This gives out processes which form an 
interdigitation with the epithelial tissue of the adenohypo­
physis thus forming the neurohypophysis.
A brief account of the morphology of the hypothalamic 
nucleus (the nucleus preopticus pars magnocellularis) of the 
minnow has been given by Charlton (1932). Scharrer (1928, 
1950, 1932) gave some histological details of the nucleus 
preopticus of the minnow regarding the role of its secretory 
cells.
Holmgren (Kappers at ad., 1936) divided the medial 
olfactory area of the telencephalon of Herrick 
into precommissural and post-commissural portions using the 
anterior commissure (Fig. 11, p* ^ 5 ) as the dividing line.
Each one of these commissural portions was further divided 
into three nuclear masses. The posterior commissural portion 
was divided into two nuclear masses of the preoptic gray 
(nucleus preopticus parvocellularis and nucleus preopticus
6 7
Fig. 12 - V.L.Section of the brain of the minnow
(AF and Orange G.).
a. - Showing the preoptico-hypophyseal neuro­
secretory system (10 x 3).
b. - Showing the preoptico-hypophyseal tract
in the stalk region and in the region 
proximal to it.
Abbreviations :
C - Gomori chrome-alum haematoxylin 4-ve granule
containing cells.
H.B - Herring body.
I.R - Infundibular recess.
M.AD - Meso-adenohypophysis.
MT.AD - Meta-adenohypophysis.
HHY - Neurohypophysis.
NPO - Nucleus preopticus.
NS.F - Neurosecretory fibre.
O.N - Optic nerve.
F.AD - Pro-adenohypophysis.
P*S - Pituitary stalk.
PR.R - Preoptic recess.
TR.COM - Commissura transversa.
TR.P.H - Preoptico-hypophyseal tract.
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parvocellularis recessi) and the nucleus preopticus pars 
magnocellularis. As such, the nucleus preopticus pars 
magnocellularis belongs to the region of the telencephalon. 
However, it is customary to include it as a nuclear mass of 
the hypothalamus (Kappers et ad., 1936). This seems well 
justified in view of the fact that these nuclei, connected 
by their nerve fibres with the pituitary gland, are concerned 
with the elaboration of the biologically active principles 
of the neurohypophysis and form an essential part of the 
hypothalamo-hypophyseal system.
The present work concerns the cytological study of the 
nucleus preopticus pars magnocellularis, which hereafter will 
be called the nucleus preopticus.
During development, the nucleus preopticus is morpholo­
gically differentiated in 1.6 cm. long fry but the cells are 
AF -ve at this stage. Their nuclei are not distinguishable 
from those of glia cells. There is no sign of an AF +ve 
preoptico-hypophyseal tract or of the neurosecretory fibres 
laden with neurosecretory material in the neurohypophysis.
At the 2.5 cm. stage the nucleus preopticus is well 
differentiated, being AF -fve. The neurosecretory fibres, 
laden with granular neurosecretory material, are now present 
very prominently in the neurohypophysis. The cells of the 
nucleus preopticus can now be morphologically recognized as 
falling into two groups ; the anterior group consisting of 
many cells which lie along the side of the preoptic recess
and ventricle, and the posterior group consisting of few cells 
lying along the lateral side of the ventricle. At this stage, 
also, the AF +ve neurosecretory material is granular in 
consistency. The preoptico-hypophyseal tract is differentia­
ted just proximal to the pituitary stalk (also see pp.ia^ -i3o).
In the next higher stage examined (3*3 cm.) the nucleus 
preopticus is well differentiated but the posterior group of 
cells of the nucleus preopticus still remains separate from 
the main anterior group although the whole nucleus preopticus 
is beginning to develop the handle-shape characteristic of 
the adult (Fig. 13b, p. 73 ). Mostly the cells contain AF 4-ve
granules but a few of them contain intracellular colloidal 
droplets. The preoptico-hypophyseal tract is differentiated 
by the AF method in the neurohypophysis in the stalk region 
and in a small part proximal to the pituitary stalk and to 
a greater extent than in the earlier stage (Fig. 13c, p . 73 )• 
In the neurohypophysis the neurosecretory material is 
abundantly present in a granular form, but in addition to it 
there are present a number of Herring bodies in the stalk 
region (Fig. 13c, explained on pp.«^ a-97) •
The nucleus preopticus is situated along the lateral 
side of the preoptic recess and the III ventricle. On each 
side (Fig. 12a, p. 68 ) the nucleus preopticus is in the 
form of a handle, the anterior part being thicker than the 
rest. (Scharrer (1928) described a vertically placed plate­
like aggregation of these cells in the minnow). The anterior
part of the nucleus preopticus is therefore seen first in a 
vertical longitudinal section. Towards the inner side the 
nucleus preopticus is cut at full length and is typically 
curved or bent like a handle.
Amidst the cells of the nucleus preopticus are present 
some large cells with vesicular nuclei. They are much less 
strongly AF 4-ve than the cells of the nucleus preopticus.
The fibres of these cells do not carry AF 4-ve granules. It 
may be that these cells replace the cells of the nucleus 
preopticus when the latter are exhausted or disintegrated.
The nucleus preopticus consists of multipolar cells 
(Fig. 14-, p. ) so closely packed (Fig. 14-, p. 7 6 ) that 
they present a polygonal outline. The cytoplasm is granular 
and is less brightly AF 4-ve after Heidenhain*s SUSA (Halmi, 
1952) fixation and Dawson's (1955) method of staining than 
after Zenker-formol fixation. The nucleus, which may be 
circular or indented in outline, is colourless and contains 
one or two Orange G 4-ve nucleoli. After SUSA (Halmi, 1952) 
fixation and staining with the GGHP method of Bargmann (194-9), 
the cytoplasm is light blue with bluish-black neurosecretory 
granules. The nucleus is light red (phloxinophil) with 
bright red (phloxinophil) nucleoli. With the Performic Acid- 
Alcian Blue method (Adams & Sloper, 1955, 1956) after SUSA 
(Halmi, 1952) fixation the cells of the nucleus preopticus 
as well as their fibres appear blue and become differentiated! 
for the neurosecretory material, thus indicating the presence 
of cystine/cysteine in the latter. With Paget's trichrome
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Fig. 13 - V.L.Section of the brain of the minnow
(AF and Orange G.).a- To show the vascular 
supply of the nucleus preopticus (10 X 33 mm),
b .- To show the handle-shaped nucleus preopticus 
of the 3 .3 cm. long fingerling. The posterior 
and anterior parts of the nucleus preopticus 
are separate (10 x 16 mm.).
c.- To show the preoptico-hypophyseal tract
and especially the presence of Herring bodies 
and accumulation of the neurosecretory 
material in the stalk region in the pituitary 
of the 3 .3 cm. long fingerling (10 x 8 mm.).
Abbreviations :
A.G - Anterior commissure.
G - Gomori chrome-alum haematoxylin +ve granules-
containing cells.
H.B - Herring body.
NPO - Nucleus preopticus.
NPO.A - Artery to the nucleus preopticus.
P - Pituitary.
P.O.A - Posterior cerebral artery.
P.R - Preoptic recess.
TR.P.H - Preoptico-hypophyseal tract.
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method (as used by Stahl and Leray, 1962) after Zenker-formol 
fixation the cytoplasm reacts to thionin and is light greenish 
blue with dark green neurosecretory material which is thus 
PAS -ve. The nucleus stains very light green or yellow and 
the nucleoli are not much differentiated. With Heidenhain's 
Azan method of staining and SUSA (Halmi, 1952) or Zenker-formol 
fixation the cytoplasm is light and deep bluish violet 
respectively. The nucleus is practically colourless with 
carminophil nucleoli.
For cytological differentiation, the AF method of Dawson
(1953) proved to be best but of the different staining 
methods used. For nuclear differentiation the best result 
was obtained with the GGHP method of Bargmann (19^9) and the 
next best with the Azan method.
It is quite common to find multinucleate cells in the 
nucleus preopticus (Figs. 14-, p . 76 ; 15c, p. 79 ). Sometimes
the cells possess dumbe11-shaped nuclei. Whether this condi­
tion represents amitotic cell division is not clear.
Within the cytoplasm two kinds of neurosecretory material 
are present. One of these is a granular material which gives 
the cytoplasm a deep purple colour by the AF method. The 
other kind of neurosecretory material is found in the form 
of round colloidal droplets which are also strongly AF +ve. 
These droplets are extremely small in the initial stage of 
their formation but show a clearly well defined circular 
outline at a magnification of about 600 x, in contrast to
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Pig. 14 - Micro-photograph and line drawing of
the nucleus preopticus. Also showing 
line grawing of a few cells of the 
nucleus preopticus with their processes
Abbreviations :
A - Axon
C - Neurosecretory droplet
D - Dendrite
Nu - Nucleus
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the irregular outline presented by the granular neurosecretory 
material (Pigs. 14, p. 76 & 1?b, p. 8^ ). Besides these
small microscopic droplets other droplets of varying sizes 
are present in the cytoplasm. The colloidal secretory 
droplets are GGHP +ve and stain dark blue black but sometimes 
the granules and droplets seem to give a staining reaction to 
both chrome alum - haematoxylin and to phloxin. With Paget's 
trichrome method (Stahl & heray, 1962) they both stain 
greenish blue whereas with the Azan method they are carmino- 
phil in reaction. It is thus seen that the neurosecretory 
granules and the droplets can respond to both the basic as 
well as the acid dyes.
The initial stages of the neurosecretory droplets lie 
generally towards the outer part of the perikaryon and some­
times around and touching the nuclear wall (Pigs. 16, p. 52 ; 
17b, p. 54 )• When these droplets are not present the
granules form a sort of-heaping in the perikaryon (Pig. 14, 
p. 7^). When, on the other hand, these neurosecretory 
droplets are present the neurosecretory granules are 
proportionately less in number and there is therefore a 
clearer background around them (Pig. 16a, p. S2/). Such a 
variation between the number of the granules and the drop­
lets indicates that these two structures are closely related 
with one another, the former being the precursor of the latter< 
With the fixatives and staining techniques used, structures 
like ergastoplasm or endoplasmic reticulum, Golgi material
Pig. 15 -
a. & b. - Section (micro-photograph) of the nucleus
preopticus showing a condition of accumula­
tion of large amount of neurosecretory- 
material .
Nucleus pressed to one side due to the 
neurosecretory material (AP & Orange G.,
10 X 4 mm., 10 x 2 mm.).
c. - Section (micro-photograph) of the nucleus
preopticus of the minnow showing the multi- 
nucleate stage of the cell (GGHP, 10 x 4 mm., 
green filter).
Abbreviations :
N - Nucleus
N.S - Neurosecretory material
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and mitochondria are not seen, nor is the presence of
ribonucleic acid (RNA) detected in the perikaryon of these
cells. In spite of this, the sequence of appearance of these
two types of neurosecretory materials and their relation with
are
one another indicates strongly that they/elaborated in the 
perikaryon of the cells of the nucleus preopticus.
In the present investigation on Phoxinus these colloidal 
or secretory droplets are never found to lie outside the cell, 
unlike the condition reported in the same fish and in 
Fundulus by Scharrer (1928, 1950, 1932). When they are large 
in size (a condition which is presumably attained by the 
agglomeration of the smaller droplets) they press against the 
cell wall and, later, on the nucleus also, the latter being 
pushed and crumpled to one side of the cell (Pigs. 1$a, b ,
P* 7^ ? ; 1?b, p. 54 ). The presence of such a nucleus with
secretory droplets inside a cell is further indirect evidence 
that the secretory droplets do not become extracellular. 
Whenever these droplets are seen to be lying freely and 
isolated it is only because the section passes along the 
bulged part of the cell containing the droplet, without the 
nucleus and other cytoplasmic part of the cell sharing it.
This is easily ascertained by examining the next serial 
sections. Inside the cytoplasm these droplets appear to be 
separated from it by a clear outline which might give the 
impression of a vacuole enclosing the colloidal material, as 
reported by Scharrer (1928, 1952). Such an impression seems
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Pig. 16 -Sections of the nucleus preopticus of the 
minnow (10 x 2 mm.).
a. - Showing cells representing NPO-Activity
units (AP & Orange G., Peb.,’64., river 
fish.).
b. - Showing the cell representing the NPO-
Activity unit and the multinucleate 
stage (AP & Orange G.)
c. - Showing cell representing NPO-Activity
unit (GGHP).
Abbreviations :
C - Gell representing one NPO-Activity unit.
N - Nucleus
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a. & b. - Camera lucida sketches of the neurosecretory
fibres and cells of the nucleus preopticus. 
In 17b. are also shown cells representing 
the NPO-activity units.
Abbreviations :
0 or NS - Neurosecretion.
NS.P - Neurosecretory fibre.
NU - Nucleus.
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to be in all probability the result of a slight shrinkage due 
to fixation (Fig. 1?b, p. 84 )• The neurosecretory material
becomes much harder on fixation than other components of the 
brain tissue. As a result ruptures in the cell walls, caused 
by the pressure of the neurosecretory material against them 
in sectioning, are not infrequently found.
The cells of the nucleus preopticus which lie posteriorly 
have comparatively fewer secretory droplets. From these cells 
the fibres containing neurosecretory granules and droplets 
run forward in the shape of an arc (Figs. 11, p.^5"; 18a, c, 
p. g 8 ) before forming the tractus preoptico-hypophyseus.
Frequently some fibres run anteriorly or dorsally toward the 
habenular ganglion. The role of such stray fibres is not 
known.
On leaving the cell bodies of nucleus preopticus the
broad axous soon become fine in calibre (Fig. 18a, p. 86) ^
and run laterally backwards in a bundle of interlacing fibres 
Figs. 18c, p. 88 ; 19c, p. ^ / ). Most of the fibres run
backwards in the ventro-lateral part of the telencephalon 
(near the crossing of the optic nerves) but few of them run 
in between the intrathalamic branches of the optic nerves 
(Figs. 11, p. ^ 5" ; 18c, p. 88 ; 20a, p. 94 ).
The intrathalamic branches,formed from a few fibres, 
leave the main bundles of the optic nerve when the latter 
emerges from the optic tectum and, after traversing the 
thalamic region, rejoin the bundles in the mid-line where the
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optic nerves decussate and cross over. Such intrathalamic 
branches formed from the fibres of the optic nerves may also 
be present in other fish but no account has been found in 
the available literature. Usually there are two of these 
branches (Figs. 11, p. 65 ; 18c, p. 88 ; 20a, p. 94 ) ? but 
there may be three, this depending upon the external division 
of each optic nerve into main bundles. It seems likely that 
such a splitting of the bundles of the optic nerve bears some 
physiological relation to the hypothalamohypophyseal tract 
on the one hand and to the retina on the other.
The loose scattered fibres of the nucleus preopticus, 
forming the interlacing bundle, turn medio-ventrally (Fig.
18c, p. 88 ) and after passing around the commissura trans­
verse (Figs. 11, p.g 5" ; 21 a-d, p. ^ 6 ) come to lie in the
mid-line. The preoptico-hypophyseal tracts of the two sides 
come close together in the mid-line and form a sheet of 
neurosecretory fibres. They run along the mid-ventral side 
of the wall of the infundibulum as a single tract of fibres 
and finally enter the pituitary stalk with the infundibular 
processes (Fig. 18c, p. 88 ).
The distribution and intensity of the neurosecretory 
material along the preoptico-hypophyseal tract varies from 
one place to another. In the most proximal part of the tract, 
near the optic nerve, this material is usually in the form of 
intra-axonal droplets, giving the typical pearl-like or 
beaded appearance to the fibre (Fig. 19c, p. 9) ). In this
Fig. 18
a. - Section (microphotograph) showing the cells
of the nucleus preopticus with axon and 
dendrites. (AF & Orange G., 10 x 4- mm.).
b. - Section (microphotograph) showing the multi­
polar cells of the nucleus preopticus 
(GGHP, 10 X 4- mm. ) .
c. - Diagrammatic representation of the preoptico-
hypophyseal neurosecretory tract and its 
relation with the intrathalamic branches of 
the optic nerves (Ventral view).
Abbreviations :
A - Axon.
D - Dendrite.
HY - Infundibulum.
L.I - Lobi inferiores.
NPO - Nucleus preopticus.
O.L - Optic lobe.
O.N - Optic nerve.
ON.B - Intrathalamic branches of the optic nerve.
P - Pituitary.
T - Telencephalon.
TR.P.H Preoptico-hypophyseal neurosecretory tract.
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region more usually these droplets are closely fitted by the 
axonal membrane but sometimes they may be seen passing freely 
in the intra-axonal region and surrounded by a thin layer of 
axoplasm (Figs. 19a, p.9/ > P-9/ 5 d, p. 9/ ; ^7a, p.8^).
Posterior to the optic region the fibres become more 
prominent and the colloidal droplet-like structures are not 
seen. Instead, the wall of the fibres is found thickly 
coated on the inside with the neurosecretory material and the 
central core consists of axoplasm (Figs. 1?a, p.g 9 ; 19e,p.?/)- 
It appears that the neurosecretory material in the form of 
beads or pearls in the more proximal region has now spread 
out along the inner surface of the fibre. The physico­
chemical factors which are responsible for this effect are 
not known. It is very likely that the neurosecretory 
droplets are pushed to a certain extent by the flow of the 
axoplasm because the iS±xæ calibre of the fibres is so fine.
More distally, due to increase in calibre, the droplets 
become displaced peripherally and leave the central core 
for the free-flowing axoplasm (Fig. 1?a, p$ 8^ )• From the 
posterior end of the optic region to the region of the 
pituitary stalk this type of distribution of the neuro­
secretory material is found. In these fibres with peripheral 
neurosecretory material there are small swellings which 
account for their beaded appearance (Figs. 1?a, p. 89 ;
21c-d, p. 96 ). This beaded appearance should not be
confused with that which results from the presence of
Fig. 19 - Neurosecretory fibres of the preoptico- 
hypophyseal tract.
a. - Neurosecretory fibre carrying neurosecretory
droplet within the axonal space(GCHP,10 x 2 mm.),
b. & d. - Same as above (AF & Orange G, 10 x 2 mm.).
c. - Neurosecretory fibres in the supraoptic region 
presenting a beaded appearance (AF & Orange G,
10 X 4- mm., green filter).
e. - Neurosecretory fibre showing typical formation 
of Herring body and peripheral arrangement of 
the neurosecretory material (AF & Orange G.,
10 X 2 mm.).
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droplets of neurosecretory material in the region of the tract 
near the optic nerve. These small swellings are the precursors 
of the Herring bodies and differ from the latter in the fact 
that the axoplasm is tubular as in the rest of the fibre in 
this region. Large swellings are the so-called Herring bodies 
(Fig. 19e, p. 9/ ) and each one of the latter represents a
spherical swelling in a tubular axon (Fig. 12b, p. 65; 19e,p. 
91; 22a, p. 99 ).In a Herring body the axoplasm is more a less
spherical. With all the four different methods of staining 
used in this work the outer rim or border of the Herring body 
(when it is cut in the middle) gives the staining reaction 
for the neurosecretory material whereas the central part 
stains for the axoplasm. In the staining reaction, therefore, 
the Herring body responds similarly to the tubular neuro­
secretory axon. It is probable that the peripheral movement 
of the neurosecretory material in this distal portion of the 
tract may be a necessary requirement for the contact with 
the many surrounding blood vessels which arise from the 
ventral infundibular artery. It may be that these blood 
vessels, after arising from the ventral infundibular artery, 
rejoin it soon after making an oblique or horizontal loop in 
the ventral wall of the infundibulum. Such an arrangement 
would help also in picking up and transferring the neuro­
secretory material from the fibres to the blood vessels.
Whether such a thing happens cannot be said but the fact 
which is clearly noticeable is that these blood vessels do
Fig. 20 - (AF & Orange G. )
a. - V.L.Section of the brain of the minnow
showing neurosecretory fibres passing 
between the intrathalamic branches of 
the optic nerve (10 x 16 mm.).
b. - Section of the meso-adenohypophysis of
the minnow showing extra-cellular secre­
tory globules of the basophils(10 x 2mm., 
green filter).
c. - V.L.Section of the brain of the minnow
showing the entry of the ventral infundi­
bular artery into the pituitary (10 x 8 mm.)
Abbreviations :
C - Gomori Chrome-alum haematoxylin +ve granule-
containing cells.
E.G - Extracellular secretory globule of the
basophil.
NS.F - Neurosecretory fibre.
O.N - Optic nerve.
O.N.B - Intrathalamic branch of the optic nerve.
TR.C - Commissura transversa.
TR.P.H - Preoptico-hypophyseal tract.
V.I.A - Ventral infundibular artery.
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Fig. 21 - V.L.Sections of the brain of the minnow 
(AF & Orange G.) .
a. - To show the neurosecretory fibres passing
dorsally to the commissura transversa (10 x 
8 mm.).
c. - Same as above (10 x 4 mm.).
b. - To show the neurosecretory fibres passing
ventrally to the commissura transversa 
(10 X 8 mm.).
d. - Same as above (10 x 4 mm.).
Abbreviations :
NS.F - Neurosecretory fibre.
O.N - Optic nerve.
O.N.B - Intrathalamic branches of the optic nerve.
TR.C - Commissura transversa.
, O.N.B.-"
9 b
V.
O.N.*^
a.
NS.F.
.■ ^ <■ ■ 
•TR.C.
lOOAA^
O.N.B
NS.F
lOOAXy
TR.C
NS.F
-TR .C
FIG. 2 ;
d.
01 mm.
::: 1
remain connected with tne another to form a vascular plexus 
in the ventral wall of the infundibulum. Similarly the 
formation of small swellings on the axon (beaded appearance) 
and of the Herring bodies may also help to increase the 
surface area of the axon for such a function.
The frequency of the occurrence of the Herring bodies 
on the tract between the optic nerve and the pituitary stalk 
is normally low but under experimental conditions, e.g. 
constant illumination, it increases. The fibres of the 
preoptico-hypophyseal tract show a great accumulation of 
neurosecretory material in the stalk which is only exceeded 
in the meta-adenohypophysis. On the other hand, the number 
of the Herring bodies in the stalk easily surpasses that in 
any other region of the preoptico-hypophyseal tract. Distal 
to the stalk the fibres of the tractus run mostly in the 
direction of the meta-adenohypophysis and occupy the greatest 
part of the neurohypophysis.
The neurohypophysis is formed by the distal part of the 
infundibular processes. It remains interdigitated with the 
lobe of the adenohypophysis. The mesodermel stratum is 
enclosed between the neurohypophysis and the adenohypophysis 
in the early development of the pituitary and gives rise to 
the connective tissue septum in which the blood vessels 
develop. The septum is complete and clearly distinguishable 
in the adult minnow. The branching of the neurohypophysis 
varies from one lobe to another of the adenohypophysis and 
is greatest in the meta-adenohypophysis and least in the
9 8
Fig. 22.
a. - V.L.Section showing the stalk region of
the pituitary. Large number of Herring 
bodies are seen on the neurosecretory 
fibres (GGHP, yellow filter, 10 x 8 mm.)
b. - V.L.Section of the pituitary of the
minnow to show beaded neurosecretory 
fibres traversing the neurohypophysis 
in the region of Pro- and Meso-adeno- 
hypophysis (AF & Orange G., 10 x 4 mm.).
Abbreviations :
H.B - Herring body.
M.AD - Meso-adenohypophysis.
N.HY - Neurohypophysis.
NS.F - Neurosecretory fibre.
P.AD - Pro-adenohypophysis.
TR.P.H - Preoptico-hypophyseal tract.
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1pro-adenohypophysis. The disposition of the neurohypophysis 
and its relation with the adenohypophysis is shown in Figs.
12a, p. 68 ; 15c, p. 73 ; 4-0, p. . The branches of the
neurohypophysis form a fine ramification in the different 
lobes of the adenohypophysis and even reach the outer surface 
(Figs. 23a, p./o3 ; 32, p./7^ ).
Some neurosecretory fibres of the preoptico-hypophyseal 
tract become :, separated in the stalk region and traverse the 
branches of the neurohypophysis in the pro- and meso-adeno- 
hypophyseal lobes. Sometimes the neurohypophyseal processes 
in the pro-adenohypophysis are found completely devoid of 
neurosecretory fibres but there are always a few of these 
fibres present in such processes in the meso-adenohypophysis 
(Figs. 22b, p. 99 ; 24-b, p./ôé )• These neurohypophyseal
processes usually traverse the meso-adenohypophysis to join 
posteriorly those in the meta-adenohypophysis (See p./63 
In sections stained by the AF and GCHP methods the neuro­
secretory fibres do not seem to come into direct association 
with the epithelial cells of the pro- and meso-adenohypophysis, 
unlike the condition described in Hippocampus with regard to 
the basophils of the meso-adenohypophysis (Da Lage, 1954-).
Matty & Matty (1959) made some similar observations in 
Phoxinus laevis (= Phoxinus phoxinus). In order to obtain 
more evidence the differential staining technique of Paget's 
trichrome method (Stahl & Deray, 1962) was also used. In 
this method the neurosecretory fibres are distinguished
10 1
easily from other tissues of the adenohypophysis. This 
method also shows that in the minnow there is no close 
association of the neurosecretory fibres with the epithelial 
cells of the pro- or meso-adenohypophysis.
The fibres of the preoptico-hypophyseal tract in the 
neurohypophysis and its processes in the meta-adenohypophysis 
are found laden with the neurosecretory material. They 
become extremely fine in this region and the neurosecretory 
material presents a granular appearance. In the region of 
the meso-adenohypophysis and proximal to it they present 
more or less the same distribution of neurosecretory material 
as that found in the region between the optic nerve and the 
pituitary stalk (Fig. 23a, p./o3 ). In the entire neuro- 
hypophyseal region and especially in the region of the meta­
adenohypophysis the neurosecretory fibres are interwoven with 
one another. They surround the blood capillaries and it is 
quite common to find neurosecretory material (terminal parts 
of the fibres) lying on the surface of the capillaries 
(Fig. 23b, p./o3 )• The varying distribution and intensity 
of the neurosecretory material throughout the nucleus 
preopticus and the different parts of the preoptico-hypophy­
seal tract points out its probable course of storage and 
release.
Besides receiving neurosecretory fibres and blood vessels 
from the infundibulum and from the systemic arteries, the 
neurohypophysis is also composed of non-neurosecretory fibres,
Fig. 23 - y.L.Section of the pituitary of the
minnow (AF & Orange G).
a. - Anterior half of the pituitary to show
the ramifying branches of the neuro- 
hypophysis reaching the outer surface 
(10 X 8 mm.).
b. - Meta-adenohypophyseal region to show
the terminals of the neurosecretory 
fibres resting on the surface of the 
blood vessels (10 x 4- mm.).
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parenchymatous tissue and the cells known as the pituicytes. 
The pituicytes have an irregular distribution but are promi­
nently seen in the pro- and meso-adenohypophyseal regions of 
the neurohypophysis. This may be due to the fact that these 
regions are comparatively free from the neurosecretory fibres. 
Whatever the reason, the pituicytes are more numerous in these 
regions and in the stalk. With the staining techniques used 
in the present investigation the pituicytes are recognized 
only by their nuclei, their cell bodies not being differen­
tiated. The nuclei are of two types (Fig. 35, P*/So ), 
large nuclei, oblong and oval in outline, and smaller round 
nuclei. These nuclei are seen in two different planes 
(Fig. 35, p.f8o ). They are quite different from those of 
the glia cells of the infundibulum in which the nuclei are 
round and have a diameter mid-way between those of the two 
pituicyte types.
Ganglion cells (Sloper, 1958) or any kind of cell other 
than pituicytes are not found in the neurohypophysis of the 
minnow.
Besides the fibres of the preoptico-hypophyseal tract, 
unmyelinated fibres are present. With the staining methods 
used in the present work the sourde of these fibres could not 
be determined. They seem to cross with those of the 
preoptic tract (seen in the stalk region. Fig. 4-0, p*2^/9 ) 
and terminate mostly in the anterior region of the neuro- 
hypophysis. In the absence of the nucleus lateralis tuberis
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Fig. 24 - V.L.Sections of the pituitary of the
minnow (Paget's Trichrome method, Stahl & 
Deray, 1962; 10 x 4- mm.).
a. - Meso-adenohypophysis showing PAS +ve cells
containing PAS +ve globules.
b. - Meso-adenohypophysis showing PAS +ve basophil
cells, Naphthol yellow +ve (yellow) acidophils 
and beaded (green) neurosecretory fibres, 
the latter being not associated with the 
basophils.
Abbreviation :
D - Dorsal.
NS.F - Neurosecretory fibres.
V - Ventral.
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these fibres must come from some other cells in the infundi­
bulum. They do not belong to the GCHP +ve granule containing 
cells of Barrington (1960a), since these cells do not 
degenerate or show any visible changes after hypophysectomy 
(See p . 232 ).
In the proximal region of the preoptico-hypophyseal 
tract there are also seen unmyelinated fibres coming from 
the anterior region of the fore brain. These fibres may 
belong to the olfactory tract, as in Rhodeus amarus 
(BretSchneider & Duyvene de Wit, 194-7) but, unlike the 
condition in Rhodeus amarus, they do not appear to pass to 
the pituitary in the minnow.
The blood vascularisation of the neurohypophysis and 
the hypothalamo-hypophyseal vascular relationship is des­
cribed on pp. 205-221, and shown in Pigs. 25, p.109; 37, 
p. 208; 39, p.216 &4-1, p.219.
Pig. 2^ - Diagrammatic sagittal L.Section of the brain
of the minnow to show the blood supply of 
the nucleus preopticus and the hypothalamo- 
hypophyseal vascular relationship.
Abbreviations :
A.C — Anterior commissure.
CE — Cerebellum.
D.S — Dorsal sac.
EP.A — Anterior extension of the pineal organ
EP.S - Epiphysial stalk.
G.H — Habenular ganglion.
HY.A - Hypothalamic artery.
I.R — Infundibular recess.
L.I — Lobi inferiores.
L.S.N - Lamina supraneuroprica.
M.O — Medulla oblongata.
NPO T Nucleus preopticus.
NPO.A — Artery to the nucleus preopticus.
O.N — Optic nerve.
O.T — Optic tectum.
P - Pituitary.
P.G - Posterior commissure.
P.C.A — Posterior cerebral artery.
PR.R - Preoptic recess.
R.V - Ring vessel.
T - Telencephalon.
TE - Tegmentum.
TR.C - Commissura transversa.
TR.P.H — Preoptico-hypophyseal tract.
V.C — Valvula cerebelli.
V.H.A - Ventral hypothalamic artery.
V.I.A - Ventral infundibular artery.
III.V — Third ventricle.
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5• Seasonal changes in the nucleus preopticus and the 
tractus preoptico-hypophyseus and their correlation 
with the reproductive cycle.
Seasonal changes with regard to the distribution and 
intensity of the neurosecretory material have been studied. 
In fish, so far no attempt has been made to correlate the 
changes in the nucleus preopticus with the seasonal 
reproductive cycle. The only brief account that is known 
on this subject is described earlier on pp.6/-62j •
The present investigation is based on a cyto-physiolo- 
gical study. Monthly samples of fish collected from the 
river and the aquarium (Table 2a & b , pp.j1 i2,0) were fixed 
(seepp.lo- (( ). The A? method (Dawson, 1953) and the GCHP 
method of Bargmann (19^9) proved useful but the former was 
preferred for the study of the seasonal variation in 
neurosecretory activity.
On examining the monthly series for the whole year it 
became quite clear that the presence and number of large 
secretory droplets in the nucleus preopticus could not be 
taken as a safe criterion for seasonal activity of the 
preoptic nuclei. Such large droplets (restricted! entirely 
to the cells of the NPO and present inside them) are present 
throughout the year and any variations in quantity at 
different periods give no reliable correlation. The 
secretory droplets may be present in the period when they 
are abundantly formed i.e. when production is more than
1 1 î
their release or passage into the axons or they may be 
present in the period when they are not required or released 
and there is no production. The latter condition would be 
expected in the winter months when the reproductive activity 
is at a low ebb with regard to maturation of eggs and sperms. 
At such a time the accumulation of large droplets would 
represent the secretory material which has been left over 
from the preceding period.
The same is more or less true for the neurosecretory 
material present along the tract and in the neurohypophysis. 
With regard to the preoptico-hypophyseal tract, the stalk 
region and the neurohypophysis, there are some noticeable 
changes in the amount and nature of the neurosecretory 
material during the course of a year but these are not 
distinct enough to enable a good correlation with seasonal 
metabolic changes (See pp./^7-/Z8).
There are only few cytological studies of the seasonal 
variation in the neurosecretory activity of the hypothalamic 
nuclei, even in the vertebrate types above fish level. They 
are primarily based on karyometric examination e.g. in Rana 
temporaria (Dierickx & van Meirvenne, 1961) and in 
Zonotrichia leucophrys gambelii (Oksche et al., 1959). A 
study by this or any other method is not known to have been 
made in fish.
In the minnow the cells of the nucleus preopticus show 
seasonal variations in the shape and size of the nucleus and
1 12
of the cell as a whole. But these variations are not 
absolutely distinct in the different periods of the repro­
ductive cycle. A karyometric method, at present too time- 
consuming, must be worked out at a later stage to corroborate 
the present findings.
The presence of large secretory droplets in the nucleus 
preopticus has been seen to provide no correlation with 
seasonal activity. However, the cytoplasm of the nucleus 
preopticus does show seasonal changes with regard to the 
elaboration of the neurosecretory material-neurosecretory 
granules followed by secretory droplets ^ which may be taken 
as a criterion for judging the secretory activity of these 
cells. Especially significant is the presence of very small 
droplets which may be designated as the microdroplets. 
Scharrer (1930) found these in the European minnow in one or 
two cells of the nucleus preopticus. These microdroplets 
(= initial stages of Scharrer) are elaborated from the 
neurosecretory granules, probably by a process of agglomera­
tion as described earlier (see p.77 ) and represent an
intermediate stage between the neurosecretory granules and 
the large droplets. A complete series of river and aquarium 
fish examined throughout a year revealed that cells of the 
nucleus preopticus showing the presence of these droplets 
in. large numbers are not found throughout the whole year but 
are seen only at certain periods of the year. They may 
therefore be related to the elaboration of the neurosecretory
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material. There are two possibilities : either, the process
of production of the neurosecretory material is taking/Vhen I
Ir
these droplets are seen in the cytoplasm; or, the production 
took place a little previously. An attempt is made to see 
whether there is a correlation between the active phase of 
the cells of the nucleus preopticus (as seen by the number 
of such cells containing the microdroplets) and the reproduc­
tive cycle.
Such micrcL%iroplets, regarded by all authors who have 
described them as neurosecretory material, are frequently 
seen in different higher types e.g. in the Zebra finch - 
Taeniopygia castanotis (Oksche et a J L . , 1963) . They have never 
been chosen as a basis for a quantitative analysis of the 
neurosecretory activity of the cells of the nucleus preopticus 
although some workers (Smith, 1951; Dierickx & van Meirvenne, 
1961) have tried visual estimation.
In the present work these microdroplets are used as a 
criterion of activity in the elaboration of the neurosecretory 
material, Each cell in the nucleus preopticus containing 
such microdroplets is regarded in an arbitrary way as 
representing one unit of NPO-activity (nucleus preopticus 
activity). The observation of such cells is made under a 
high magnification (600 x approx.). A cell only counts as 
a unit if there are at least five such droplets inside it. 
Usually each unit contains large numbers. The presence or 
absence of bigger droplets (more than 0.00058 mm. in diameter)
1 14
is not considered. The NPO-activity in units is measured 
by counting the total number of such cells of the nucleus 
preopticus. It is suggested that such an estimate of NPO- 
activity indicates not only the production of the neuro­
secretory material but also its passage down into the axon.
Data concerning the details of the monthly samples of 
river and aquarium fish, including the water temperatures, 
are given in Table 2a (p.//5 ). The curve showing the NPO- 
activity throughout the year. May 1963 to April 1964, is 
plotted for both the river and the aquarium fish and is 
shown in Fig. 26a (p.//7 ).
The curve for the river fish shows two bursts of 
NPO-activity in the period February to June, which coincide 
with the prespawning and the early spawning period respective 
ly(includes the last lap of prespawning and early part of 
the spawning period). The NPO-activity is very much 
diminished in the month of March. After this there is a 
slow decline towards the close of the spawning period till 
in July NPO-activity is no longer detectable. In August 
there is again a short burst of NPO-activity which is, 
however, not so intense as in the prespawning and early 
spawning periods. After this there is a cessation of 
NPO-activity until January. The curve shows two peaks in 
the pre-and early spawning periods and a short peak in the 
postspawning period respectively, thus indicating a 
correlation with the reproductive cycle. It is therefore
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Table No. 2a.
K I V E E F I S H
li
A Q U A E I U M F I S H
Date of 
fixation
Total
length Sex
Water
temp.
NPO-Activity 
in units
Date of 
fixation
Total
length
Sex Water
temp.
NPO-Activity 
in units
7th Jan. 
1964
8 cm. Female 4.75°C 15 8th Jan. 1964
8.1 cm. Female 9^0 34
12th Feb. 
1964
8.6 cm. Female 6.25°C 205 5th Feb. 1964
7 .2  cm. Male 12°0 233
6th March 
1964
8.4 cm. Female 5°C 11 9th March 1964
7 .6  cm. Female 10°G 2
14th April 
1964
8 .3  cm. Female 6.5°0 208 13th April 1964
8.2 cm. Female 11°C 116
6th May
1963
8.4 cm. Female 14°C 173 20th May 1964
8 cm. Female 18.5°C 38
11th June 
1963
8 .5  cm. Female 18°0 65 — 8th June
1963
8.2 cm. Female 22° C 18
11th July 
1963
7th Aug.
1963
7 cm. Male 17°C 0 9th July 
1963
8.2 cm. Female 21°C 0
8 cm. Female 17.25°C 91 8th Aug. "963
8.4 cm. Female 21 °C 3
13th Sept. 
1963
7 .8  cm. Female 16.5°C 12 12th Sept. 8 .7  cm. Female 20°C 11
10th Oct. 
1963
7 .2  cm. Male 13.3°C fllB g ^ S l ^ h  Oct. m F  1963 7 .2 cm. Male 16.5°C 1
8th Nov.
1963
8.4 cm. Female 10.5°c 0 ^ 9th Nov. 
jgjP' 1963
7 .8  cm. Female 14°0 0
10th Dec. 
1963
8.6 cm. Female 4.5°C 0 9th Dec. 
Æ g  1963
8.6 cm. Female 10°C 27
Note 1. In both river as well as aquarium conditions the-,# 
observation is based on one fish only for each 
month during this period.
2: The NPO-activity unit means a cell of the nucleus 
preopticus containing neurosecretory microdroplets 
in the cytoplasm. The microdroplets do not exceed 
0.00058 mm. in diameter and are atleast 5 in no.in 
each cell.
3. All fish were fixed in Heidenhain's SUSA (Halmi, 
1 9 5 2) except the river fish of February, 1964.
Note 1. The monthly samples of aquarium fish were taken from 
those collected in May and in June, 1963, i.e., May- 
September,1963,from fish collected in May; Oct.-Nov. 
1963, from fish collected in June; Dec.'65 and Jan.'64, 
from fish collected in May; and Feb.-April,1964,from 
fish collected in June.
2. The aquanium head lights were switched on in the middle 
of January,1 9 5 4, in connection with another experiment.
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Fig, 2/66U - Shows NPO-activity curve for the river as 
well as aquarium fish for one year (May, 
1963 to April 1964).
NPO-activity unit means a cell of the 
nucleus preopticus (as seen in the section) 
containing neurosecretory microdroplets 
(atleast 5 in no. and each not exceeding 
0.00058 mm. in diameter) in the cytoplasm. 
The microdroplets denote the active phase 
of the cell.
Note: Each monthly sample for both river and
aquarium fish includes one fish only.
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suggested that the neurosecretory activity of the cells of 
the nucleus preopticus is concerned with the maturation of 
the gonads in the pre- and early spawning periods and in 
the partial rebuilding of the gonads after the spawning is 
over.
A//7
The NPO-activity curve for the aquarium fish (Pig. 26a^ ) 
shows two similar bursts of secretory activity in the pre- 
and early spawning periods. However, the peak of secretory 
activity in February is much higher than the peak in April. 
After this there is a steep fall and, unlike the condition 
in river fish, the activity reaches a minimum in July-August. 
Then there is a slight indication of activity in September 
after which there is no activity till the end of November. 
From December to January the secretory activity of the 
nucleus preopticus begins again.
Comparing the two curves, it is seen that there is a 
very slight activity in September in aquarium fish which is 
almost insignificant in comparison with that for the river 
fish. This is understandable when it is remembered that the 
aquarium fish from May to September, 1963, belong to that 
group of fish which were collected from the river in May,
1963. They had not spawned (the gonads were ripe) and there 
was presumably no need to rebuild the gonad. In the normal 
life of the fish rebuilding of the gonads would occur at the 
close of the spawning period (Bullough, 1939). Again, in
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the NPO-activity curve in the case of the aquarium fish the 
second peak is shorter than the first. This may imply that 
the gonad (ovary in the fish for March and April) cannot 
mature beyond a certain stage under the aquarium conditions 
(Bullough, 1959i 194-0). Probably this low NPO-activity would 
not be true in case of male fish which even in the aquarium 
conditions show the appearance of nuptial colouration and 
complete the spermatogenesis of the testes. In the aquarium 
fish fixed on 20th May (see Table 2a, p. //jT ; Pig. 25a, 
p. //7 ) 14- days after it was taken from the river, the
gravid female had not spawned due to the changed condition 
of the aquarium and hence the NPO-secretory activity subsides 
in comparison to that of the river fish for the same period. 
The NPO-activity in the aquarium fish of 20th May is even 
less than the similar activity on the part of the river fish 
for June.
In both river and aquarium fish there are two peaks in 
the NPO-activity curve in the prespawning and early spawning 
periods with a steep fall in the month of March. This sharp 
decline may be due either to environmental changes with 
regard to light and temperature (for the latter see Table 
2a, p. /15 ) or to the time required by the cells of the 
nucleus preopticus after intense secretory activity for 
their own rebuilding processes. The latter explanation 
seems more likely although there is a definite reversal in 
the environmental conditions in the period February-March 
(see Table 2a^.
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Table No. 2b.
— Month and surface water temnerature: 1 9 6 4 1 9 6
Fish
Used
12th May'64 '16th Juke'64 16th July'64 12th Aug. 
16°C 17°C 16.5°C 18.25°G
lith Sept j 15th Oct. 
16.75°G 15°0
17th Nov. 
10°C
9th Dec. 
9°G
'12th Jan. 
4°C
'65 18th Feb. 
4° G
12th Mar. 
6°C
13tbAp. 25th ffey 
10°G 15°G
A F 4F 8.2 F 10 F 8.1 F0 6 .3  F 6.4 F 7 189— 6.6 F27 féf-^ 6.2 F 51
B
56- 24
F 8.6 F 
128
8.0 F 
14
F 2 ^ 6.0 F 6.8 F 4F 235 F 6.5 F 68
C 8.6 F 
81 4F 8.3 F 101 8.4 F 2-F 4F 6.0 F 6.0 F 6.5 F 4F 41-F
D — 8.4 F 
65 4F 8.2 F154 4F F 7.0 F2 6.5 F 6.0 F 5 5.0 FX F
E 7 .8 F 7.6 F 8.6 F 8.5 F 7-9 F 6.1 F 6.0 F 6.4 F 7 .2  F 3 .8 F 6 .3  F
16 82 9 6 0 4 Tt§ 30 188 48
F -- 8.3 F 
42
8.3
-17
F 8.6 F
•123 4F 8.62 F 6 .5  M ..29 7.5 M 7 .3  F 6.0 F225 8.0 F 9 % F 6.5 F63
G — 8.7 F 
51 F F 8.2 F 129 ■ 8.4 F F 6.6 F0 6.8 M 3 6.5 F 7.2 M 10 # M
H — 8.8 F 
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8 .3 _F 8.1 F 
57
8.6 F 
12
F 6.4 M 
41
7:5._M 6.0 F 6.4 M
217— y-M
I — 8 .1
5
F 41-* 8.6 F z - F 4F 6.2 F 2 5 .6 F19 6 .5  M 242 8.0 F218 178 M
J -- 7.2 M 
43 1-
F 4F 7 .8  F 11 F 8.6 F 2 -- 6.0 M 16 ï # 8.0 F 2l 7 .6  M197
K — 8.4 F 
60 F F 8.2 F 8 -- -- 6.2 M 4F Z-|. _ fli-- 6 .7 F 57 _
L -- 8.9 F 
54
8 .0
0
F 44' ,4F 8.5 F 1 -- -- 7.0 F 240 ’ 1 - ^ 4fF
M -- — —
-- -- --
-- M -- . 238 F —
N ■--
1 .... ----------4-------
-- -- -- -- 8 .2  F
229
-- -- —
Explanation: 1. Against the fish used for each month, the 
lengths are given in cm.
Fish belonging to Nov. ,1963.
2. The figure given under each fish length is for 
the NPO-activity for that particular fish.
Pish belonging to February and 
April, 1964.
Abbreviations:
Table No. 2c.
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Month Jan. Feb. Mar. Apr. May Aug. Oct. Dec. Av.NPO- S.D. 
activity ÿ-
S.Ë.
+
May.
1964-
— - - - - - - - 120.7 26.5 15.3
June
1964-
— — - - - - - - 55.25 12.8 3.7
July
1964-
— — - — - - — - 9 .6 7 .4 2.1
Aug;
1964-
— - - - - - 12.2
22
10.8
19
104- 26.8 7.7
Sept . 
1964-
- - — - - - — 13 4.9 1.4
Oct. 
1964-
— — — - — - —
¥
4 .5 3.1 0 .9
Nov.
1964-
- - - — - - — 16 20.4 7 .2
Dec. 
1964-
- - — - - — — — 2.2 1.1 0.4
Jan.
1963 _
— 23-9
21
1.75 26.9 10.9 
22 22 22
11.1
22
5.04-
19
10.1 7.3 2.1
Feb.
1965
- - y 1.69 16.5 9.82T 21 21 27.621 24-. 2 18 215.7 24.9 7 .5
Mar.
1965
- - - 8.5
22
1.3
22
3.2
22
1.96
22
1.89
19
4-0.9 58:15 16.8
April
1965
- — - - 16.5 9.05 
22 22
28.9
22
25.4.
19
198.5 21.8 6 .5
May
1965
- - - - — 4-.16 
22
15.1
22
11.9
19
65.25 15^ 4 .3
Explanation: The table shows the values of ' t * between 
different monthly samples regarding the NPO- 
activity. The degrees of freedom are given 
under the line for each value.
The average NPO-activity, the standard devia­
tion and the standard error are also given 
for each month.
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Fig* 26b. - Shows NPO-activity curve for the river
fish for the period, May 1964 to May
1965* Vertical lines for each month 
for the average NPO-activity 
indicate the Standard Déviation/for
that period.
NPO-activity unit means a cell of the 
nucleus preopticus (as seen in the section) 
containing neurosecretory microdroplets 
(atleast 5 in no* and each not exceeding
0.00058 mm. in diameter) in the cytoplasm. 
The microdroplets denote the active phase 
of the cell.
Note: For other details see Tables 2b. & 2c.,
pp.120^121 .
/ ^ 3
3,00
50
1
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This account of the NPO-activity of both the river and 
aquarium fish, though significant, is based on the study of 
only one fish per monthly sample excepting for November, 
February and April 1964. Therefore, in order to obtain 
observations which could be treated statistically, the study 
of seasonal changes in NPO-activity in relation to the 
reproductive cycle was extended for another year.
The data of the NPO-activity of the monthly samples for 
the period May 1964 to May 1965 is shown in the Table 2b, 
p.12/0 )• The curve showing the NPO-activity for the same 
period is plotted and shown in Pig. 26b, p./Zb . The values 
of " t " after comparing two different monthly samples are 
shown in Table 2c, p* IZI • The values of standard deviation 
for the mean NPO-activity for each month and of ” t " are 
calculated from the formulae (Brownlee, 1949), given on >p.l77'
The results for the period May 1964 to May 1965 are 
consistent with those for the period May 1963 to April 1964 
with some exceptions. Out of the twelve fish in the monthly 
sample for March 1965 only one fish (8.0 cm. 2, Table 2b, 
p. 12,0 ) shows such NPO-activity (218) comparable with that 
of fish belonging to February and April. Another fish 
(8.0 cm., 2, Table 2b, p.12/0 ) also shows greater NPO-activity 
(97) than in the rest of the sample. This shows that the 
NPO-activity does continue in a small proportion of the fish 
sample for March whereas in a very large proportion the 
NPO-activity is curbed due to any one of the two possibili­
ties given before (see p. ff? ). There is also a slight rise
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in the curve in November (sample of 8 fish) which seems 
mainly because of the two male fish (6.5 cm. - 59;
6.4 cm. - 41 ; Table 2b, p.l2o ) in which, possibly, the 
partial rebuilding of the gonad is continued for a longer 
period than in female fish. Again, the sample for May 1965 
shows much less NPO-activity than that for May 1964. This 
is understandable since the former was collected at the close 
of May i.e. 25th as compared to the fish of May 1964 which 
were collected on the 12th May. An interesting feature of 
the May 1965 sample is that the number of NPO-cells showing 
groups of large neurosecretory droplets is the same to that 
of NPO-cells showing microdroplets in April. This indicates 
very clearly that the bigger droplets have been formed due 
to agglomeration of smaller droplets.
Thus there is strong evidence to support correlation 
between the NPO-activity of the hypothalamus and the repro­
ductive cycle. There is also an indication that it may be 
necessary to study this correlation separately for the two 
sexes.
In the river fish the cytoplasmic inclusions, other than 
the neurosecretory microdroplets, are the AF +ve neurosecre­
tory granules which also show change in relation to season. 
These granules are the precursors of the microdroplets 
(see pp.77^  /J2. ) .
In December the cells of the nucleus preopticus are 
strongly AP +ve (purple) due to the presence of neurosecretory
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granules. This condition continues until February when the
secretory activity is extremely magnified. There is dense
granulation of neurosecretory material and, in addition,
microdroplets begin to form in large numbers. In March fish
there is generally a clearer cytoplasm excepting in a few
fish in which neurosecretory granules and microdroplets are
present in large numbers. In April, again, the neurosecretory
granulation and formation of microdroplets is abundant. In
granulation
May there is a gradual decrease of/and of formation of the 
microdroplets. In June the cytoplasm is much smoother in 
appearance than in May, indicating a further fall in the 
elaboration of the neurosecretory granules. Large droplets 
are abundantly present. In July the cytoplasm is again 
beginning to elaborate the neurosecretory granules and is 
AF +ve. In August the granulation is more intense and there 
is a greater number of microdroplets. During September and 
October the cytoplasm is again smooth showing a decline in 
the elaboration of neurosecretory granules and microdroplets. 
In November the general condition of the cytoplasm resembles 
that seen in October excepting that a few male fish show 
granulation and the presence of microdroplets.
These cytoplasmic changes of the nucleus preopticus 
with regard to the elaboration of the neurosecretory granules 
are of a cyclical order. They are best seen after controlled 
staining with the AF method (Dawson, 1953)* However, they 
do not provide data regarding the activity of the nucleus
preopticus which can be treated statistically.
The distribution and intensity of the neurosecretory 
material in the preoptico-hypophyseal tract proximal to the 
stalk, the stalk region and the neurohypophysis are shown 
in the Table 5, p.12,8 . These observations are restricted 
to the fish samples collected during the period May 1963 to 
April 1964. The stainable neurosecretory material is variable 
during the different periods of the year so that its correla­
tion with the metabolic changes of'the animal is difficult.
The stalk region has a comparatively greater content of 
neurosecretory material than any other part of the preoptico- 
hypophyseal tract. This suggests that this part is either a 
place of storage or of greater release of the hormones, the 
latter seeming more probable. This is inferred from the 
presence of large number of Herring Bodies in this area 
throughout the year, which very likely increase the surface 
area for the release of the biologically active principles 
from the neurosecretory material. On the other hand, in the 
winter months, especially December, the presence of an 
excessive number of Herring Bodies in the stalk region and 
the neurohypophysis may indicate a typical phase of storage 
of neurosecretory material when it is not being released.
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Table No. 5-
Period Tract Stalk region Neuroh
J an.,' 64- +-f 4-4- 4-4-
Feb .,'64- 4-4-4- 4-4-4- 4-4-4-
Marcb,' 64- 4-4- 4-4-4- -f-H
April,' 64- -f-f- 4-4-4- 4-4-
May,'65 -f--f 4-4-4- 4-4-
June,'65 4-4- 4-4- 4-4-
July,'65 ■+•-+- 4-4- 4-4-4-
Aug.,'65 4-4- 4-4-4- 4-
Sept.,'65 4- 4-4-4- 4-4-
Oct.,'65 4- -H-h 4-4-
Nov.,'65 4-4-4- 4-4-4- 4-4-4-
Dec.,'65 4-4- -f-f-1- -H-t-4-
The content of stainable neurosecretory material 
in the tract (preoptico-hypophyseal) proximal to the 
stalk region; the stalk region and the neurohypophysis, 
based on a visual estimation.
+++ indicates very high content; ++, high content 
and +, moderate content, for these three parts of the 
hypothalamo-hypophyseal system at any period of the 
year.
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4-. Discussion
The results of the present work on the anatomy of the 
hypothalamohypophyseal neurosecretory system of the minnow 
agree essentially with the results of earlier work on fish 
by Palay (194-5), Bargmann & Hild (194-9), Smith (1951), 
Bargmann (1953), Stutinsky (1953), Pridberg & Samuelsson
(1959) and Kobayashi et al. (1959).
Appearance of the stainable neurosecretory material : The 
histogenesis of the preoptico-hypophyseal system is known 
from work on Salmo salar (Arvy et al. 1956) and Leuciscus 
rutilus (Pridberg & Samuelsson 1959) and partly from work 
on Lebistes reticulatus (Pollenius & Porte, 1962a). The 
first appearance of the neurosecretory material in Salmo 
salar (Arvy et al., 1956) is seen in the perikaryon of the 
cells towards the caudal part of.the nucleus preopticus. 
Subsequently the neurosecretory granules appear in the tract 
proximo - distally. In Leuciscus (Pridberg & Samuelsson, 
1959), on the other hand, the neurosecretory material first 
appears in the neurohypophysis and at a much later stage 
(58 mm. stage) in the cells of the nucleus preopticus.
As described earlier (seepp.69-7 0 ) the entire preoptico- 
hypophyseal system in the"early developing minnow is not 
AP -i-ve as it is in the adult. In the 2.5 cm. stage the 
cells of the.nucleus preopticus as well as the fibres of 
the preoptico-hypophyseal tract in the neurohypophysis are 
AP +ve. In later stages the preoptico-hypophyseal tract
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becomes AP +ve further along the stalk towards the nucleus 
preopticus until the adult condition is reached. The condi­
tion in the minnow (stages between 1,6 and 2.5 cm. were not 
examined due to lack of material) seems to provide an example 
between Salmo salar on one hand and Leuciscus on the other 
with regard to the appearance of the neurosecretory material 
in the hypothalamo-hypophyseal system.
Scharrer and Scharrer (194-0, 1954-a) suggested that the 
preopticus nucleus of the lower vertebrates is homologous 
with the supraoptic and paraventricular nuclei of the higher 
vertebrates. According to them it is likely that the two 
separated parts of the nucleus preopticus, in the developmental 
stages of the minnow, become joined to form a single nucleus 
preopticus in the lower vertebrates and become further 
separated in the course of evolution due to neurobiotic 
forces (differential growth of brain and skull) to give rise 
to the two nuclei of the higher vertebrates.
Cell structures : The cells of the nucleus preopticus in the
minnow possess processes referred to as "dendrites" in higher 
animals by Diepen (1962b). According to Dierickx (1962) this 
term is justified when a receptor function is known. Maynard 
(1961) and Olsson (1963) suggest that the term "dendrite" 
may be used for these processes when they do not discharge 
secretory material. In the minnow they do not possess
neurosecretory granules or droplets (Pig. 18b, p. 88 )•
-al ^
Also, the seasor/changes in the nucleus preopticus (seepp.ilo-)
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indicate that these cells respond to changes in the environ­
ment. There is some justification in thinking that these 
processes may perform a dendrite-like function in carrying 
impulses to the cell body.
As in other animals (Scharrer, B., 1959) so in the 
minnow, the cells of the nucleus preopticus have not been 
seen in division although multinucleate stages are quite 
frequent. As in the higher vertebrates (Mazzi, 1952; Lever, 
1962), the perikaryon in the minnow seems to possess 
ergastoplasm, Golgi material and mitochondria since the 
neurosecretory granules and the droplets are elaborated in 
this region.
The neurosecretory droplets are always found inside 
the cytoplasm in the present work. Scharrer (1928, 1930, 
1932), however, described such large droplets not only inside 
the cytoplasm but also outside between the cells of the 
nucleus preopticus. In one exceptional case he found a small 
colloidal droplet (his initial stage of the large droplet) 
inside the cytoplasm. He therefore assumed that such an 
initial stage is very brief. Scharrer (1932) observed 
refractive elements within the colloidal vacuoles (=droplets?) 
in the cells of the nucleus preopticus of the minnow 
(Phoxinus laevis Ag.), but this has not been confirmed in the 
present work.
NPQ-Activity : In the present work, the AF method (Dawson, 
1953) differentiates the neurosecretory granules and droplets
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of varying sizes. Their sequence in development and the 
inverse proportion in which they are usually present shows 
that they are secretory products and are related to one 
another. The periodic appearance of the microdroplets and 
the change in the neurosecretory granules in different periods 
of the year clearly indicates that both are secretory products 
elaborated in the perikaryon of the cells of the nucleus 
preopticus. The active phase of the cells begins with the 
elaboration of the neurosecretory granules in the cytoplasm 
in December, well in advance of the period (prespawning) of 
stimulation of the gonadotrophs and thyrotrophs of the 
pituitary. At this time the neurosecretory granules probably 
remain accumulated in the perikaryon. The formation of the 
microdroplets (see p. 112. ) in large numbers may thus act as
an indicator to denote the time when the granules, separately 
or in an agglomerated state, are being released into the 
circulation at the nerve endings or other parts of the 
preoptico-hypophyseal tract as a result of over-production 
in the perikaryon of the cells of the nucleus preopticus.
In the minnow, the microdroplets have made possible a 
statistical treatment in the study of correlation between 
the nucleus preopticus and the reproductive cycle (see p.|2.5).
Comparison of the NPO-Activity curve in the minnow 
(Table 2a, b; pp.)|5^ Uo; Figs. 26a, b; pp.117^ /23) with the 
reproductive cycle (Builough, 1939) and the seasonal activity 
in the thyroid gland (Barrington & Matty, 195^; Fortune, 1955) 
suggests a strong correlation between them. The presence of
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two peaks in the NPO-Activity curves (Figs. 26a, b; pp.ll7^ /23) 
with a decline in March (in the pre- and early spawning 
periods) suggests two possibilities (see p.119^ 12.4). The real 
cause of decline in NPO-Activity in March requires experimen­
tal verification. Fortune (1955) studied the thyroid function 
in the minnow during the whole year but the period in which 
she could not take observations happened to be March. In the 
work of Barrington and Matty (195^) on the minnow the 
observations were taken in February and then in May and it 
was assumed that the thyroid activity continues at a high 
level throughout this period.
In the present work the thyroid follicles for the months • 
February to April (Fig. 28, p. |2>5 ) show that the epithelial
height in February is more than in March but the difference 
between the two is only slight. Possibly, the epithelial 
height of the follicle may not be affected by a transitory 
lack of stimulation. This possibility also holds for the 
size, condition, appearance of the gonads (ovary) which in 
March is not any different from that in February. But the 
significant difference in the cell height of the thyroid 
epithelium in the river and the aquarium fish for August 
(Fig. 4-6b, p. 25"6 ) is correlated with the similar difference 
in the NPO-Activity curves for these two samples of fish in 
that period. There is thus a strong reason to believe that 
the nucleus preopticus of the hypothalamus exerts an 
influence on the seasonal functioning of the thyroid gland
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^ig. 2/7 - T . 8 of the lower jaw of the minnow showing
thyroid follicles (Azan).
a. - Thyroid follicle closely associated with
the anterior extension of the ventral aorta 
(3 .2 cm. long fingerling, 10 x 16 mm.).
b . - Thyroid follicle closely associated with
the anterior extension of the ventral aorta. 
Appears as if they are communicating with 
one another(4-.5 cm. long fingerling ,
10 X 8 mm.).
Fig. 2.8 - T .8 of the lower jaw of the minnow showing
the thyroid follicles in the river fish of 
March (a.), Feb.(b.) and April (c.),( 10 x 
16 mm.).
Abbreviations :
TH.F - Thyroid follicle.
V.A - Ventral aorta or its anterior extension.
I S S
TH.F
a.
f i g .2 O'fm-m.
j  V.A
b. N k
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as well as on the reproductive cycle. More evidence with 
regard to the control of the reproductive cycle, by the 
nucleus preopticus, especially in the maturation phase of 
the gonad is given on pp. 27^-2.80 . It is of interest that 
while, in earlier stages, both the preopticohypophyseal system 
and the basophils of the meso-adenohypophysis do not become 
differentiated and respond to the AF method (Dawson, 1953) 
or Paget's trichrome method (Stahl & Leray, 1962), the 
stainable neurosecretory material in the preoptico-hypophyseal 
system and the basophils in the meso-adenohypophysis are fully 
differentiated at the 2.5 cm. stage. This apparent lack of 
neural control of the thyroid gland or gonad in the earlier 
stages is, as Bargmann (1956) said, due the fact that the 
neurosecretory granules have not accumulated in quantity large 
enough to be detected by the light microscopy. Possibly the 
same argument may apply to the basophils of the meso- 
adenohypophysis.
Herring bodies : The misconception regarding Herring bodies 
(Herring, 1908 and later; Kerr, 194-Ob, 194-2a) is now completely 
removed after application of the Gomori chrome-alum haematoxy- 
lin method of Bargmann (194-9, 1953). They are regarded as 
swollen parts of the neurosecretory axon and the present work 
in the minnow supports this opinion (seepp.92-97 )• The 
electron microscopic study of Bodian (1963) has shown that 
the Herring bodies in the opossum are unusual bulbous axon 
terminals which do not show evidence for necrobiosis such as
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the presence of breakdown products. According to him they 
indicate a functional role. Unlike the condition in the 
opossum, the Herring bodies in the minnow are never present 
at the axon terminals. The presence of a large number of 
Herring bodies in the stalk region of the minnow probably 
indicates their important role in the increase of the surface 
area for the release of the biologically active principles 
into circulation. This suggestion of their function in the 
minnow is opposed to that by Bodian (1963) who considers that 
the Herring bodies in the opossum are only structures 
responsible for the mechanism for retaining a reserve supply 
of hormones under conditions of severe depletion. While the 
Herring bodies seem to be reversible structures in the minnow, 
Hagen (1952, 1955) regarded them in man as representing 
degenerated neurones. The Herring bodies, in the minnow, are 
present in good number in the neurohypophysis and in the 
stalk region. This does not agree with the observation of 
Kerr (194-2b).
Neurohypophysis : In the minnow, as in other fish, the
neurohypophysis and the adenohypophysis are associated with 
one another by digit-like processes. Unlike the condition 
in Rhodeus amarus (Bret schneider & Duyvene de Wit 194-7) and 
Hippocampus (Da Lage, 1954-), there does not seem to be a 
direfit association of the neurosecretory fibres with the 
basophils of the meso-adenohypophysis (see p./oo-/o/).
However, in the opossum, according to Bodian (1965), it is
1 38
likely that action potentials are essential in the hypothalamo- 
hypophyseal tract for transmission of stimuli to the axon ter­
minals. However, the mechanism of triggering of release of 
neurosecretory material by nerve impulses is still obscure.
In the seeming absence of a nervous association in the minnow 
the presence of a large amount of neurosecretory material 
(including large number of Herring bodies) in the stalk region 
suggests that this region is functionally analogous to the 
median eminence of the higher vertebrates. Such a place as 
the stalk region would be ideally suited for the release into 
the circulation of the biologically active principles in the 
neurosecretion for stimulating the cells of the adenohypo­
physis .
The effect of the neurohypophyseal hormones on the colour 
change in fish is known in Fundulus (Wilhelmi et al. , 1955)@Lnd 
Parasilurus (Enami, 1955). An attempt was made to see the 
effect of neurohypophyseal hormones on the colour change in 
the minnow. In two groups each consisting of seven blind and 
seven normal fish one Int. Unit of synthetic oxytocin and 
lysine vasopressin (Sandoz preparation) in 0.1 ml. of placebo 
solution (see p . ) was separately injected intraperitoneally 
into each fish on a black background. Both injections failed to 
give any appreciable colour response. The same negative result 
was obtained after intraperitoneal injections of 0 .5 ml. out of 
a suspension in 5 nil. of Young's Ringer of an acetone-dried
preparation of the region of the hypothalamus containing the 
preoptic nuclei from 18 fish collected in May 1964. These
experiments indicate that the hormones of the nucleus pre­
opticus are not concerned with the melanophore aggregating 
activity of the minnow.
According to Heller (1950) information regarding the 
effect of neurohypophyseal extracts on the water metabolism 
of fishes is lacking. However, immersion of Phoxinus laevis 
in hypertonic saline by Arvy et al. (1954) resulted in the 
accumulation of neurosecretory material around the blood 
vessels in the neurohypophysis and this accumulation was less 
in fish immersed for the same period in less concentrated 
saline. Again, according to Pickford & Atz (1957), a peri­
pheral action of the neuro-hypophyseal principles is either 
absent or rather uncertain and Wingstrand (1959) has stated 
that the phenomenon of water balance is independent of these 
substances. Also, injection of the neurohypophyseal hormones 
does not alter water-balance in Protopterus but increases 
sodium loss (Heller, 1965). According to him these hormones
are mainly concerned in the handling of sodium but, possibly,
they may affect the reproductive function in the lower verte­
brates.
In the minnow the larger accumulation of the neurosecre­
tory material in winter as compared to the condition in spring 
indicates its role in the regulation of the reproductive cycle. 
The observations on the minnow confirm a similar suggestion
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made by Sokol (1961) for Fundulus. In later work on Fundulus 
Sawyer & Pickford (1963) suggested that of the two active 
principles in the neuro-hypophysis (similar to that detected 
and identified by from several species of teleost fishes by 
Heller & Pickering 1961, Acher et al. 1961, 1962), the teleost 
oxytocin-like principle may participate in the regulation of 
the reproductive cycle (see p. 6 / ).
Prom the account of the seasonal NPO-Activity in the 
minnow (seepp.i/o-/ie) there is a good deal of evidence that 
the active principles contained in the stainable neurosecretory 
material (probably similar to those of other teleost fish) 
play àn important role in the control of the reproductive cycle 
as well as in the functioning of the thyroid gland.
Formation and transportation of neurosecretion :
According to Bargmann & Scharrer (195^) the neurosecre­
tory material is produced in the cell body i*e. in the peri­
karyon and carried to the neurohypophysis by means of the 
axoplasmic flow within the nerve fibres. In support of this 
hypothesis is the work of Hild & Zetler (1953) and Kobayashi 
et al. (1959) who have shown the accumulation of the neuro­
secretory material at the proximal stump after the operational 
interference of the hypothalamo-hypophyseal tract. Similarly, 
dehydration experiments in animals cause depletion of the 
neurosecretory material in the posterior lobe. On giving 
water it slowly reappears (Ortmann, 195'1)- Experiments in 
vitro (Hild, 1954) have shown the transport of the neuro­
secretory material and its intra-axonal flow in the fibres
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of the preoptico-hypophyseal tract of Lophius at the rate 
of 100-200yii per minute has been observed by Carlisle (1958). 
Among the upholders of this concept may be mentioned Bargmann 
(1954, 1956), Scharrer & Scharrer (1954 a, b), Hild (1954), 
Hild & Zetler (1953), Hanstrom (1952, 1953, 1956), Hartmann 
(1958) and Palay (1945, I960) besides many others.
Although there is, then, much evidence in support of this 
concept, the mechanism of transportation of the neurosecretory 
material to the storage organ and its release in the circula­
tion is so far not clear.
It is necessary to mention that the work of Palay (1955), 
Green & Breemen (1955), Bargmann (1958), Gerschenfeld et. aJ.
(I960), Bodian (1963) on higher vertebrate types and that of 
Palay (I960), Scharrer (1962) and Pollenius & Porte (1962a) 
on fish has provided convincing evidence that the neuro­
secretory vesicles are identical with the Gomori +ve granules 
seen in the stainable substance by the light microscope. 
Further, the neurosecretory granules isolated from a homo- 
genate of rabbit neurohypophysis (neural lobe) by the cell 
fractionation technique are found to be identical with the 
neurosecretory vesicles as seen in the gland section m  situ 
by election microscopy (Heller & Lederis, 1962).
The presence of a profuse arterial blood supply to the 
nucleus preopticus (p. ) strongly suggests that the latter
acts as a trophic centre of great importance (Pigs. 13a, 25, 
pp.93  ^109 ). The periodic secretory activity in the nucleus
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preopticus in the minnow, already described (pp*liû-né) ^ is 
correlated with the reproductive cycle and with the seasonal 
thyroid activity. While it does not seem possible that any 
appreciable discharge of neurosecretory material would take 
place in the vascular plexus of the nucleus preopticus, it 
appears that such a discharge could occur during the passage 
of the neurosecretory material down the axon between the 
commissura transversa and the pituitary stalk. In this region 
the neurosecretory material becomes peripheral in position 
and, while making streaming movements along the inner surface 
of the axonal membrane, it may be picked up by the blood 
vessels in the ventral wall of the infundibulum (Pig. 58a, 
p. 2 /4 ). Lederis (1962), working on a large number of 
mammals, has shown the difference in the amount of hormone,
i.e. v/o ratio (between vasopressin and oxytocin), in the 
different parts of the hypothalajno-hypophyseal neurosecretory 
system of both normal and dehydrated animals and confirmed 
the results of Hild & Zetler (1953). It was assumed that the 
disproportionate distribution in the v/o ratio might mean 
that the hormones are synthesised at more than one place. 
However, Scharrer & Bern (in Lederis, 1962) commented that 
the difference in the hormone content or the v/o ratio might 
possibly indicate a differential release of hormone during 
its proximo-distal flow. Such a view seems to be substan­
tiated in the minnow when one considers the vascularisation 
in the different parts of the hypothalamo-hypophyseal neuro­
secretory system. It is of interest that the preoptico-
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hypophyseal tract is rich in neurosecretory material in places 
which are rich in vascularisation also.
This strongly suggests that, in order to have signifi­
cance , the periodic activity of the cells of the nucleus pre­
opticus in the minnow must be followed by the axonal transport 
of the neurosecretory material to the far ends of the neuro- 
tLypop^ysis. During this passage downwards the neurosecretory 
material is discharged into blood vessels in order to stimu­
late the gonadotrophs and thyrotrophs of the meso-adenohypo­
physis (identified experimentally by Barrington & Matty, 1955) 
and perhaps other cells of the adenohypophysis.
Against the conception of transport hypothesis is the 
notable work of Diepen et. a^. (1959 and before). Green & 
Breemen (1955), Green & Maxwell (1959), Christ (I960), Diepen 
(1962a) and Christ (1962), according to which the hormone 
synthesis as seen by the Gomori +ve material takes place not 
only in the perikaryon of the cells of the nucleus preopticus 
but at any place where the stainable material is seen.
Diepen et ad. (1959), Diepen (1962a) and Christ (I960) 
have pointed out the uneven distribution of the neurosecretory 
material along the hypothalamo-hypophyseal system in man 
(neurosecretory material is scanty in the hypothalamic nuclei 
and in the fibres of the median eminence) whereas some animals 
e.g. dog, cat, wolf are unique in having the neurosecretory 
material along the entire system. In every case the neuro­
secretion is present in the posterior lobe. According to
Christ (1960) there seems to be no direct evidence regarding 
the axonal transport of the neurosecretory material in mammals.
In the minnow, the neurosecretory material is present 
along the entire tract although it is not evenly distributed.
In the region near the optic nerves the neurosecretion is at 
a minimum and this may be accounted for by the smallness of 
calibre of the fibres in this part or by the lack of rich 
vascularisation. However, even then, the condition present 
in the minnow seems to argue in favour of the transport 
hypothesis.
Diepen and his associates have pointed out that at the 
end of the intrauterine development of the dog, cat and rhesus 
monkey the neurosecretory material first appears in the 
posterior lobe, several days later in the cell bodies of the 
nucleus supraopticus and nucleus paraventricularis and last 
of all in the axons. In fish a similar sequence is present 
in Leuciscus rutilus (Fridberg & Samuelsson, 1959). According 
to Christ (I960) such a sequence of appearance provides one 
of the strongest arguments against the transport hypothesis.
In the minnow (seepp.69-70), the neurosecretory granules
are
present in the cells of the NPO and the neurohypophysis only 
at the 2.5 cm. stage in the development. According to 
Bargmann (1956), the Gomori -i-ve neurosecretory material takes 
time to mature and sufficient accumulation is necessary before 
it may become optically visible, i.e., after its elaboration 
in the perikaryon of the cells of the nucleus preopticus
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(Palay, 1960; Pollenius & Porte, 1962a) it moves down the 
axon in the form of secretory vesicles, each being 1000-5000 
as seen in the electron microscope. On accumulation in large 
number these become visible as stainable material.
The increasing differentiation of the neuro secretory 
tract in the proximal direction beyond the stalk in early 
stages (2.5 cm. and 5.3 cm.) of the minnow (see ; ,p. 7 o )
provides a strong basis for justifying the transport hypo­
thesis.
The distribution of the neurosecretory material on the 
preoptico-hypophyseal tract, already described (see pp.86'/ol), 
is a constant feature in the minnow. In the proximal part of 
the tract the neurosecretion (both granules and droplets) lie 
freely in the axoplasm (Pigs. 19 a, b, d; pp. cj \ ) during - ' 1
their proximo-distal flow, perhaps due to the small calibre 
of the fibres. Lack of significant vascularisation in this 
region suggests that the neurosecretion is not released in 
circulation in this part. It is therefore quite logical to 
assume that these droplets, sparsely present in the fibres of 
the proximal part of the tract (Pig. 19c), become peripheral 
in position in its distal par^ t. Cases demonstrating the axonal 
flow of neurosecretory material are few (Hild, 1954; Carlisle, 
1958). Even in cytological preparations, seen in light 
microscopy, freely lying droplets of neurosecretory material 
have not been described in the available literature. Dale 
(in Bargmann, 1956) questioned the possibility of large
1
secretory droplets, found in the hypothalamic nuclei, passing 
inside the axon in their proximo-distal flow. In the minnow 
such freely lying large droplets within the axoplasm are 
occasionally seen (Pig. 19a, p. 91 )• It is suggested that
the large droplets seen inside the perikaryon of the cells of 
the nucleus preopticus are formed by the agglomeration of a 
multitude of secretory vesicles seen by the electron micros­
cope. Such stages are reversible and the large droplets break 
up into smaller ones before the latter pass along the axon.
This evidence in the minnow also supports the 'transport 
hypothesis'.
As regards the question of synthesis of the neurosecretory 
material at any place in the neuron. Green & Maxwell (1959) 
have suggested that the hormones are formed all along the 
axon as result of metabolic activities of'the mitochondria. 
Gerschenfeld et al. (I960) have shown the presence of a 
canalicular material along the fibre, nearly to the end, a 
material which may be related to the Golgi material or the 
agranular reticulum present in the perikaryon. According to 
them this material is the site for local formation of the 
neurosecretory material. Other structures which have been 
cited as possibly playing a part in the synthesis are 
ribonucleic acid, and the 'synaptic vesicles* of De Robertis 
(Diepen, 1962a). However, Bern (in Christ, 1962) pointed 
out that ribonucleic acid does not seem to be present in the 
axon of ordinary neurons beyond the axonal hillock.
1According to Diepen and his associates, the appearance 
of the neurosecretory material during development (see p./44 ) 
argues against the 'transport hypothesis* and consequently 
in favour of the hypothesis regarding the synthesis of neuro­
secretion novo all along the nerve fibres. But would it 
not be of interest if the same argument which, according to 
them, goes against the 'transport hypothesis* is used to 
question the synthesis of neurosecretory material de novo ?
If synthesis takes place novo then how is it that it occurs 
first in the neurosecretory fibres of the porterior lobe, i.e. 
in the most distal part of the axonal process, and last in 
between the posterior lobe and the cell bodies, when the 
entire axon, according to them, contains the full complement 
of substances necessary for the synthesis of the neurosecretory 
material ?
Again, production of neurosecretory material ^  novo 
implies that in the place where it is more abundant its 
production is also greater. In the minnow such an idea is 
incompatible with the fact that in winter months the amount 
of neurosecretory material is relatively greater in the 
neurohypophysis and stalk region, when the need for its 
increased production would be relatively very slight. On the 
other hand, the 'transport hypothesis* easily explains the 
presence of a greater quantity of neurosecretory material in 
winter as a result of accumulation.
Electrical stimulation of the supraSoptico-hypophyseal 
tract of rabbit caused accumulation of Gomori-stainable
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substance at the electrode tip (Christ, 1960). According to 
him the production of neurosecretory material takes place as 
a result of degenerative changes in the axons. Diepen et al. 
(1959) regarded these changes as being equivalent to a neuro­
nal or axonal reaction following nerve lesions (Spatz, 1921). 
However, they held the opinion that these changes do not 
represent a manifestation of regressive cell processes, as it 
was formerly thought, but an indication of increased activity 
of the cell organ (Terbruggen, 1950). Thus, according to 
Diepen et (1959), the neurosecretory process is associated
with a partial disintegration of the axonal process (taking 
place first in the terminal arborisations) and followed by a 
reorganisation of the entire neuron which involves the
elaboration of the secretory product. In this way the neuro­
secretory material is formed at any place in the neuron and
the comparison of the neurosecretory cell with a gland cell
is therefore partly justified. Unlike Christ (I960), Diepen 
(1962a) does not regard the disintegration phenomena seen in 
the posterior lobe of the dog as inherent in the neurosecretory 
process but due to the functional exhaustion of the less 
resistant neurons. Thus, according to Diepen et al, (1959), 
the process of degeneration and regeneration is normally 
taking place in the nerve terminals and such a process 
therefore does not justify a 'transport hypothesis'.
In the present work the preoptico-hypophyseal tract 
presents a different picture in different parts. Arborisa­
tions of the neurosecretory fibres are usually present in the
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posterior part of the pituitary. They are made up of exceed­
ingly fine fibres which terminate on the wall of the blood 
capillaries (Fig. 23b, p. /o3 ). These fibres are usually
intact and present a beaded appearance but broken off terminal 
parts of the fibres are frequently observed, the latter being 
more in number when the amount of neurosecretory material is 
abundant. It is therefore suggested that the terminal dis­
integration process observed in Gomori preparation (and silver 
preparations) is caused by the amount of neurosecretory 
material present in this region. As described earlier 
(see p. 85 ), the neurosecretory material is a hard subs­
tance on fixation and often distorts or ruptures the surroun­
ding membrane of the cell body of the preoptic nucleus or its 
axon in section. Consequently, it is quite natural to expect 
breaking up of the fine terminals in a histological prepara­
tion. Also, if the neurosecretory material is elaborated in 
the fibres of the tract by an initial terminal disintegration 
it would mean that this process is governed by the law of 
neuronal reaction (Spatz, 1921) and the disintegration occurs 
gradually towards the proximal side. But in the minnow the 
effects of disintegration, as described by Diepen et al.(1939)^ 
are seen in the terminal part of the preoptico-hypophyseal 
tract (in the posterior region of the neurohypophysis) and 
then in the stalk region with intact fibres between the two. 
Such a picture of the tract is always present and it is 
difficult to explain such an effect of a disintegration
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process by the phenomena of neuronal reaction.
Finally, if the Herring bodies (see p. 42 & p. 9 ) are
formed as a result of a disintegration process (the neuronal 
reaction), their constant presence, in the stalk region would 
be sooner or later reflected by their effect on the cells of 
the nucleus preopticus. However, in the minnow, even when 
the stalk region and the proximal part of the neurohypophysis 
are studded with Herring bodies (Fig. 22aj) there is no visible 
sign of disintegration on the part of the cells of the nucleus 
preopticus.
Thus it is strongly felt that the neuronal reaction of 
disintegration which follows after a lesion in the nerve fibre 
does not necessarily govern the elaboration of the neurosecre­
tory process. There is no evidence from the present observa­
tions on the minnow which supports the idea of synthesis of 
the neurosecretory material de novo on the fibre tract of the 
nucleus preopticus.
Retina - hypothalamus relationship ; Bargmann (195^) gave a 
short account of the past work on this physiologically impor­
tant problem. Later workers (Benoit & Assenmacher, 1955; 
Knoche, 1956, 1958; Blumcke 1958) have described the connec­
tion between the optic nerves and the nuclei and other parts 
of the hypothalamus in the higher vertebrate types. In fish, 
as far as known, such a relation has not been described.
In the minnow (seepp.85-8é ; Figs. 11, 18, pp.éfT^  88 ) ; the retina • 
hypothalamus relationship seems clear morphologically. The
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way in which this relationship could work to the advantage of 
the animal is a problem whose attempted solution would be 
premature at this stage although it seems likely that it has 
something to do with the photic response of the pituitary. 
Equally important seems to be the morphological relationship 
between the preoptico-hypophyseal tract and the commissura 
transversa (Figs. 11, 21; pp. 65"^  ) which takes its origin
in the cerebellum. On the basis of these morphological rela­
tionships alone, it is not easy to rule out the possibility 
of action potentials in the fibres of the preoptico-hypophy- 
seal tract.
Thus it seems likely that as in higher vertebrates 
(Benoit & Assenmacher, 1955; Assenmacher, 1957 a, b, c;
Martini, 1958), the hypothalamo-hypophyseal system in the 
minnow, especially the nucleus .preopticus and its preoptico- 
hypophyseal tract, has a much broader function than was 
earlier realised.
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B. Pituitary
1. Introduction :
The amount of research on the pituitary gland has grown 
to enormous proportions since its functional importance was 
first indicated by the work of Oliver & Schafer in 1895 when 
they described the pressor action of saline extracts of the 
whole gland on the circulation of the dog. The more notable 
recent reviews of the morphology and cytology of the pitui­
tary gland, especially in fish, are those of Kerr (194-2a, b; 
19^3), Green (1951), Herlant (195^), Olivereau (1954-a, b), 
Pickford & Atz (1957), Green & Maxwell (1959), and Bern & 
Nandi (1962).
According to Dodd (1955) and Hoar (1955) there is ample 
evidence in fish, as in higher vertebrates, that secretion 
from the meso-adenohypophysis (pars anterior of mammals) 
controls those activities of the gonads which are concerned 
with the maturation of eggs and sperms. Seasonal changes in 
the meso-adenohypophysis in relation to the reproductive 
cycle have been described in a number of teleost fish such 
as Gasterosteus aculeatus (Bock, 1928), Fundulus heteroclitus 
(Matthews, 1936; Sokol, 1961), Salmo trutta and Perea fluvia- 
tilis (Kerr, 194-Oa), Glupea harengus (Buchmann, 194-0),
Rhodeus amarus (Bretschneider & Duyvene de Wit, 19^7; 
Verhoeven & van Oordt, 1955), Xiphias gladius (Lee, 194-2), 
Anguilla anguilla (Bernardi, 194-8), Leuciscus rutilus (Kerr, 
194-8), Garassius auratus and Gyprinus carpio (Scruggs, 1951),
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Lebistes reticulatus Peters (Stoik, 1951; Sokol, 1961),
Salmo salar (Fontaine & Olivereau, 194-9; Olivereau, 1954-a, b),
Cirrhina reba Ham. (Sathyanesan, 1958) and Heteropneustes
(Sundararaj, 1959)•
In addition, changes in the activity of the thyroid have
been correlated with changes in the basophils of the meso-
adenohypophysis in Astyanax mexicanus (Rasquin, 194-9),
Brachydanio rerio (Scott, 1953), Xiphophorus helleri Heckel
and Lebistes reticulatus Peters (Stolk, 1955). Seasonal
changes in the cell height of the thyroid follicles of the
minnow have been described by Barrington & Matty (1954-).
Fortune (1953, 1955) has also shown in the minnow that the
activity of the thyroid, as judged by the e/f ratio (i.e.
the ratio between the area of the follicular epithelium to
the total area of the follicle), is correlated with the
reproductive cycle. Pickford (1953) however, did not find
any difference in the average epithelial height of the
thyroid cells in Fundulus heteroclitus caught in spring and
autumn and could not correlate its activity with that of the
pituitary gland and with the reproductive cycle. It is
necessary that the thyroid activity, as determined by the
cell height of the follicular epithelium, should be
corroborated by the rate of iodine metabolism, i.e. rate of
iodine uptake and fixation, after using carrier-free
1 ^1radioiodine (1 ), this being the most reliable method for
this purpose at present. Berg, Gorbman & Kobayashi (1959)
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have shown that a correlation exists between the reproductive 
cycle and the thyroid activity in Fundulus. Their findings 
have been supported by the later work of Sokol (1961) on the 
cytological changes in the pituitary of Fundulus in relation 
to the reproductive cycle.
In fish there is a great deal of experimental evidence 
for the presence of gonadotropin, thyrotropin and adreno- 
corticotropin hormone (Pickford, 1959). By applying histolo­
gical methods it has been possible, as in mammals, to 
demonstrate two types of basophils in the meso-adenohypophysis, 
one as the sourde of gonadotropin - the gonadotrophs, and the 
other as the source of thyrotropin-t;he thyrotrophs. So far 
the two types of cells have been successfully identified 
experimentally only in a few fish, e.g. Astyanax mexicanus 
(Atz, 1953), the African blind cave fish Caecobarbus geertsii 
(Olivereau and Herlant, 1954), Phoxinus phoxinus (Barrington 
& Matty, 1955), Lebistes reticulatus (Sokol, 1955), Rutilus 
rutilus and a few others (Matty & Matty, 1959). In Anguilla, 
Olivereau (I960-’61) has observed the hypoactivity and 
consequent atrophy of the cells of the erythrosinophil 
follicles of the pro-adenohypophysis after immersion in a 
solution of thyroxine.
Both Atz (1953) in Astyanax and Sokol (1955) in Fundulus 
were unable to get selective staining of the two types of 
basophils with Halmi's modification of Gomori's AF method.
By careful use of the AF staining method, Barrington & Matty
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(1955) were able to get selective identification of the two 
types of basophils in the minnow, but Fortune (1958) could 
not get this tinctorial differentiation by using the AF 
method of Dawson (1953) on material fixed in Bouin,
The morphology and histology of the pituitary of 
Phoxinus phoxinus L. was described briefly by Kerr (1942b) 
and Barrington & Matty (1955) gave the cytological charac­
teristics of the two types of basophils of the meso- 
adenohypophysis. Matty & Matty (1959) made a study of the 
cyto-chemical nature of the cell constituents and the 
different parts of the pituitary gland of Phoxinus laevis 
(=Phoxinus phoxinus' L.) and a few other fish. Kent (1959) 
gave a morphological picture of the pituitary gland of the 
minnow, describing the distribution of malanophore-aggregating 
hormone in it.
With so much already known about the pituitary gland of 
the minnow, it was considered desirable, from a corroborative 
point of view, to make a cytological study during the seasonal 
changes in the pituitary gland.
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2. (a) Morphology and cytology of the pituitary gland 
(adenohypophysi s)
i. In the minnow the pituitary gland is attached to the 
posterior part of the infundibulum by means of a very short 
stalk and lies in the mid-line between the two lobi inferiores 
(Fig. 1, p. /8 )• Normally it is about 1 mm. long in specimens 
from 7 to 8.5 cm. in total length. Pituitaries examined 
during February-March to August tend to be slightly larger 
than at other times. The pituitary is more elongated than 
broad and is externally distinguishable into two parts,* 
already reported by Kent (1959). In a transverse section the 
pituitary presents a somewhat triangular appearance, the base 
being dorsal and the broad apex pointing ventrally. (Fig.
32b, p. /70 )•
The pituitary gland of the minnow, like that of other 
teleosts e.g. Rhodeus amarus (Bretschneider & Duyvene de Wit, 
1947), is made up of two components, a neural which includes 
the stalk and the neurohypophysis (described earlier on pp.66^ 9?) 
and the glandular adenohypophysis (the terminology used here 
is after Pickford & Atz, 1957). In the latter in a vertical 
longitudinal section (Figs. 50a, 40, pp.162^ 2.1^  ) can be, 
easily distinguished the three regions of the pro-, meso- 
and meta-adenohypophysis. The limits of these parts, as they 
appear from the outside, are shown in Fig. 2^  These limits 
are subject to only minor variations. These diagrams conform 
with the description by Kent (1959) of the two major divisions 
of the pituitary.
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Fig. 2? - A, B & C.
- Dorsal, ventral and lateral views of the 
pituitary of the minnow. (Based on graphi­
cal reconstruction from the serial T.S of 
an adult minnow for the month of April).
Abbreviations :
I.R - Infundibular recess.
HY - Infundibulum.
M.AD - Meso-adenohypophysis.
MT.AD - Meta-adenohypophysis.
P.AD - Pro-adenohypophysis.
P.S - Pituitary stalk.
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The pro-adenohypophysis is the smallest of the three parts 
of the adenohypophysis and, according to Kerr (1942b), occupies 
the anterior ventral angle of the pituitary. The meso-adenohy­
pophysis is the largest part of the adenohypophysis and is 
confluent with the pro-adenohypophysis. It is in the form 
of a girdle around the neurohypophysis but is prevented from 
meeting dorsally in its posterior half by the forwardly 
directed part of the meta-adenohypophysis (Fig. 29a, p. /5"(9 ). 
Anteriorly, this part encircles the neurohypophysis completely 
and thus surrounds the stalk region (Figs. 29a, 40, pp./r&^%fi). 
In fresh unfixed material the meta-adenohypophysis is clearly 
distinguishable from other lobes of the adenohypophysis by
its less opaque appearance (Kent, 1959). In the minnow it is 
not confluent with the meso-adenohypophysis from which it is 
recognisable by its slightly lower level (Fig. 52a, p./7o )•
The pituitary lies freely suspended from the infundibulum 
by a short stalk inside the myodome or eye muscle canal (Fig. 
52b, p. l7o ). The myodome extends behind up to the posterior 
end of the auditory capaule where it is closed. The pituitary 
is surrounded ventrally and laterally by the internal and 
external recti muscles respectively, besides connective 
tissue and blood vessels.
ii. The cytology of the gland has been mainly studied, after 
modified SUSA fixation (Halmi, 1952), by Gomori's AF method 
after Dawson (1955). For a comparison, a series stained by 
other staining techniques (see Table 4, p./73 ) has also been 
studied.
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a. Pro-adenohypophysis : This is composed of closely packed 
acidophils, smaller than the acidophils of the meso-adenohy­
pophysis. The nuclei are mostly round but they may be oblong 
or occasionally bent; the chromatin is sparse and there are 
usually two acidophilic nucleoli. Because of the very fine 
granules, these acidophils are only weakly stained. Azan 
staining, after Zenker formol fixation, stains these cells 
like the acidophils of the meso-adenohypophysis, but with 
SUSA (Halmi, 1952) fixation, they stain lighter. After alco­
holic Bouin fixation these cells stain as acidophils with Azan, 
having a shade between Orange G and Azocarmine. To some 
extent these differences in staining are dependent on the 
degree of differentiation of the Azocarmine but the fixation 
effect is clearly significant. With Dawson's (1953) AF method 
of Gomori they are mostly lightly purplish-brown or green but 
completely different from the acidophils (brownish-green or 
bright green) of the meso-adenohypophysis (Fig. 50^). As in 
Azan staining the tinctorial property of these cells is more 
pronounced with Zenker formol than with SUSA (Halmi, 1952) 
fixation.
The cells of the pro-adenohypophysis are phloxinophil 
and reddish-yellow with GGHP (Bargmann, 194-9) and Paget's 
trichrome method respectively. In the latter method the 
nuclei are nearly always light yellow in colour but sometimes 
they are colourless. With Mallory's trichrome and with Rona 
& Morvov (1956) methods these cells are bright fuchsinophilic 
and bluish-purple respectively when the material is fixed in
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Fig. 30 - V.L.Sections of the pituitary of the minnow 
(AF and Orange G, method of Dawson, 1953).
a. - Acidophils of the pro-adenohypophysis are
different tinctorially from those of the 
meso-adenohypophysis. Thus three regions - 
Pro-, Meso-, and Meta-adenohypophysis are 
recognised tinctorially.(May, river fish ; 
10 X 16 mm.).
b. - Meso-adenohypophysis sometimes shows two
types of tinctorially differentiated AF +ve 
cells (March, river fish; 10 x 4 mm.).
Abbreviations :
M.AD - Meso-adenohypophysis.
MT.AD - Meta-adenohypophysis.
NS - Neurosecretory material.
NHY - Neurohypophysis.
P.AD - Pro-adenohypophysis.
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Zenker formol. On the other hand, with SUSA (Halmi, 1952) 
fixation and stained with Rona & Morvov's trichrome method 
these cells are light bluish-purple like the acidophils of 
the meso-adenohypophysis. Here again Zenker formol fixation 
gives greater intensity, although after both fixations the 
staining propensities of the acidophils of pro- and meso- 
adenohypophysis are the same.
Within this region are occasionally found a very few 
basophils either loosely scattered or in small groups. They 
are very similar in their staining properties to the basophils 
of the meso-adenohypophysis but they are generally smaller in 
size. They are found in close proximity to the processes of 
the neurohypophysis.
b . Meso-adenohypophysis ; The pro- and meso-adenohypophysis 
are confluent but they are easily demarcated tinctorially. 
Sometimes they are not distinguished from one another but 
this is due to the fixative and the staining method used.
The presence of a very large dorso-ventral process of the 
neurohypophysis in the region where the pro-aand meso-adenohy­
pophysis are confluent is a constant feature of the pituitary 
(as seen in a sagittal section, Fig. 40, p. 2/9 )• This 
process usually traverses the meso-adenohypophysis and joins 
the neurohypophysis in the meta-adenohypophyseal region.
The meso-adenohypophysis is mainly composed of acidophils 
and basophils. Chromophobe cells are only scanty in their 
distribution. The acidophils are more closely packed than
the basophils. They have a rather irregular distribution but 
the basophils are usually more towards the peripheral region 
whereas the acidophils are more towards the centre. There is, 
however, a large group of basophils which is invariably seen 
in a sagittal section and lies behind the dorso-ventral 
process of the neurohypophysis, as also described by 
Barrington & Matty (1955)- The basophils, like the acidophils, 
show different grades in their size, depending on the plane 
in which they are cut.
The acidophils have fine granular cytoplasm and are 
strongly carminophil with Azan after Zenker-formol fixation 
as compared to modified SUSA (Halmi, 1952) or Alcoholic Bouin 
fixation (Fig. 32b.).
After SUSA fixation (Halmi, 1952) and AF staining (Dawson 
1953), they stain light brownish-green or bright green. This 
difference exists even when the two sets of slides are stained 
for the same time. The reason for this difference is unknown.
With the GGHP method of staining (SUSA fixation) and 
Paget's trichrome staining (Zenker-formol fixation), the 
acidophils are bright purplish-red (phloxinophil) and 
greenish-yellow respectively. The nuclei are stained blue- 
black and yellow respectively. In Mallory's trichrome and 
Rona & Morvov's methods the nuclei are blue-black whereas 
the cytoplasm of the acidophils stains bright red (fuchsino- 
phil) (Zenker-formol fixation) and bluish purple (Zenker- 
formol and SUSA (Halmi, 1952) Fixations) respectively. The 
staining is again more intense in Rona & Morvov's method
after Zenker-formol fixation. The nuclei are mostly round 
or misshapen i.e. bent or indented.
The basophils have coarser granules in the cytoplasm 
and stain deep blue or medium blue after Azan with any of 
the fixatives used. The nuclei are orange-red in colour and 
round, or elongated or curved in section.
They are bright purple or magenta colour by AF method 
of staining after SUSA (Halmi, 1952) or Zenker-formol fixa­
tion, but are strongly AF +ve after the latter fixation.
In Paget's trichrome method (Stahl & Leray, 1962) of 
staining after Zenker-formol fixation the basophils are 
strongly PAS +ve, their nuclei staining yellow or colourless. 
The staining response of basophils to PAS reagent indicates 
the presence of glyco- or muco-proteins in their cytoplasmic 
granules.
The basophils stain blue with the GGHP method (SUSA 
(Halmi, 1952) fixation), deep blue with Mallory's trichrome 
(Zenker-formol fixation) and deep or light blue with Rona & 
Morvov's method, depending on the fixative used (Table 4, 
p./73 ). In all these methods the nuclei are stained blue- 
black in colour.
In most cases all the basophils stained equally well, 
assuming a bright purple colour by the AF method, but some­
times two types of basophils could be distinguished tincto­
rially, some intense purple and flocculated with coarse
granules, others lightly stained and containing scanty
-A Y6 2.
granules in the cytoplasm (Fig. 30b^ ). Such a result was
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obtained even when two sets of slides were stained simul­
taneously for the same staining time, one set of slides 
giving differential staining and the other not.
Besides the réfringent purple granules in the cytoplasm 
there are present round globules or droplets which are also 
AF +ve (Figs. 31, 33; pp • )  . When two types of AF +ve 
basophils are differentiated the globules are usually more 
prominent in the lightly stained basophil. The globules are 
also PAS +ve (Fig. 24, p. /06 )• They are preserved both by 
Zenker-formol and SUSA (Halmi, 1952) but are not differen­
tiated by any other method used. They do not respond to 
acidic dyes. With Azan clear round spaces of the size of 
the globules referred to are sometimes present in the cyto­
plasm which is stained blue. Whether these clear spaces 
represent globules or the degranulated condition of the 
cytoplasm is not clear.
The number of chromophobes is low. Occasionally they 
are seen amongst the basophils or acidophils and can be 
recognised only by their nuclei. They are smaller in size 
than the basophils or the acidophils.
c. Meta-adenohypophysis : In a section the meta-adenohypo­
physis always appears to be broken up into lobules because 
of the extreme ramifications within it of the processes of 
the neurohypophysis. It is chiefly composed of closely 
packed basophils which are almost of the same size as the 
acidophils of the pro-adenohypophysis. The nuclei are mostly
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Fig. 3/ - V.L.Sections of the pituitary of the minnow.
(AF and Orange G., 10 x 2 mm.).
a. - Meso-adenohypophysis showing AF +ve basophils
having secretory globules inside the cytoplasm 
(April, river fish).
b. - Meso-adenohypophysis showing AF +ve basophils
having secretory globules inside the cytoplasm 
(July, river fish).
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32v - a.-V.L.Section of the pituitary of the minnow 
showing Orange G +ve acidophilic droplets 
(quite different in colour from the AF +ve 
neurosecretory material in the neuro­
hypophysis and the basophils of the meso- 
adenohypophysis (AF and Orange G.,10 x 8 mm.).
b.-T.Section of the pituitary showing enlarged 
central longitudinal sinus (G.L.S), the 
cyanophil cells (blue) and carminophil(red) 
acidophils. Blood vessels or capillaries 
lie within the neurohypophysis or its 
processes (Azan, 10 x 16 mm.).
Abbreviations:
A.D - Orange G +ve acidophilic droplets.
B.V - Blood vessel.
E.R.M - External rectus muscle.
I.jR.M - Internal rectus muscle.
M ^ Myodome .......... .
M.AD Meso-adenohypophysis.
MT.AD - Meta-adenohypophysis.
NHY - Neurohypophysis. .
PS - Parasphenoid bone.
G.L.S - Gentral longitudinal sinus.
t y o
71# #
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^  MT.AD.
0.
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elongated or horseshoe-shaped; sometimes they are round in 
section. The cytoplasm contains fine granules which stain 
dull violet with Azan after Zenker-formol or SUSA (Halmi,1952) 
fixation (Table 4, p./73 )• They are dull AF +ve and PAS +ve. 
Nuclei are carminophil with Azan, light orange and yellow with 
the AF and Paget’s trichrome (Stahl & Leray, 1962), methods 
respectively. They are light blue or violet with Mallory's 
trichrome and Rona & Morvov's methods and are thus quite 
distinct from the cells of other parts of the adenohypophysis. 
With the GGHP method they stain bluish-red (phloxinophil).
The nuclei in all these last three methods stain blue-black 
in colour.
Amongst the basophils is present a very small proportion 
of acidophils which stain very much like the acidophils of 
the pro-adenohypophysis. They are, however, not differen­
tiated by the Paget's trichrome, Mallorÿ ' s trichrome and Rona 
& Morvov*s methods.
There is always present in the meta-adenohypophysis a 
variable quantity of acidophilic globules of different sizes 
which stain brilliantly as round droplets by all the fixation 
and staining methods used (Fig. 32a). They lie in the 
intercellular spaces. Very rarely they appear to be inside 
the processes of the neurohypophysis but it seems more likely 
that they are still extracellular and really associated with 
the meta-adenohypophysis. The mode of their formation and 
their physiological nature are unknown. Their response to 
acid dyes is shown in Table 4, p.173
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With the help of the staining reactions, it is possible 
to distinguish three parts of the adenohypophysis. It also 
seems possible to select 7 types of cells in the adenohypo­
physis of the minnow (Table 4-, p. 173 ).
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Table No. 4.
Staining Fi TCAtives used Pro-adenohypophysis Meso- (4fev’ adenohypophysis
Meta-adenohypophysis
methods Z.Formol SUSA 
(Halmi 
1952)
Ale.
Bouin
Acidophils Basophils Acidophils Basophils Globules Chromophobe Acidophils Basophils Droplets
Held,
Azan
Carmino­
phil.
Deep
blue
Carmino­
phil.
Deep blue Not diff. Carminophil.
nucleus
Carminophil Dull
violet
Carmino­
phil.
+ Weak
carmino­
phil.
Blue " Blue Not diff. " Light
carminophil
Dull
violet
Carmino­
phil.
+ Between 
Orange 6 
& Azo­
carmine
Blue
Blue Not diff. " " Dull
violet
Carmino­
phil.
AF-method
(Dawson,
1953)
Light 
purplish 
brown or 
green
Bright
purple
or
magenta
Brownish 
green or 
bright 
green
Bright 
purple or 
magenta
Purple Light
orange
nucleus
Light
purplish
brown
Light 
AF +ve
Orange G we
. M " " Purple " " " "
Paget's 
trichrome 
(Stahl & 
Leray, 
1962)
Reddish-
yellow
PAS +ve greenish- ; 
yellow ?AS +ve PAS +ve Light
yellow
nucleus
Not diff. Dull 
PAS +ve
Naphthol 
yellow +ve
GGHP Phloxino­
phil .
Blue or
deep
blue
Deep
bright
phloxino­
phil.
Blue or 
deep blue
Not diff. Blue
nucleus
Light
phloxino­
phil.
Bluish
phloxino­
phil.
Phloxino­
phil.
Mallorÿ's 
trichrome
Bright
fuchsino-
phil.
Deep
blue
Deep
bright
fuchsino-
phil.
Deep blue Not diff. Blue
nucleus
Not diff. Light blue 
or violet
Fuchsino- 
phil.
Rona & 
Morvov 
(1956)
Bluish
purple
Light
bluidh
purple
Deep
blue
Deep
blue
Bluish
purple
Light
bluish
purple
' Deep blue 
' Deep blue
Not diff. 
Not diff.
Blue
nucleus
Blue
nucleus
Not diff. 
Not diff.
Light blue 
or violet
Light blue 
or violet
Fuchsino- 
phil.
Fuchsino-
phil.
12. (b) Seasonal changes in the pituitary gland, especially 
the meso-adenohypophysis, correlated with the 
reproductive cycle.
The reproductive cycle of the minnow has been investiga­
ted by Bullough (1939). The present study of seasonal changes 
in the pituitary is based on cytological preparations made 
from the monthly samples of the fish collected throughout a 
year at some time about the second week of the month from 
May 1965. Serial sections were stained by Gomori's AF 
(Dawson, 1953) and Azan methods.
In the minnow, as in most other fish which have been 
investigated such as Gasterosteus aculeatus (Bock, 1928), 
Garassius auratus, Gyprinus carpio (Scruggs, 1951), the pro­
adenohypophysis does not show any appreciable change in its 
cellular character which aan be related to the seasons. It 
is not known whether any physiological significance may be 
attached to some very slight variations in the size of the 
acidophils and their granulation.
On the other hand, the meso-adenohypophysis shows 
cytological changes, particularly in the basophils, in 
addition to increase in size of the cells which can be at 
once related to seasonal changes. These changes cause the 
meso-adenohypophysis to become more prominent towards the 
approach of the spawning period and for some period after 
spawning when the gonads are partially rebuilt. In addition 
to these changes, increase in number of the cells has been 
considered in relation to change in the season.
1Method for counting and measurement
Four sections equidistant from one another and beginning 
from the median sagittal section were selected. The total 
number of acidophils and basophils in the region of the meso- 
adenohypophysis was then counted by using an eyepiece gratic^e 
consisting of a large number of small squares. The number of 
chromophobes was extremely few and they were included in the 
acidophil count. Starting from one side of the meso-adenohy- 
pophysis, and by taking proper identification marks on the 
section (such as the side or end of the cell, the cut proce­
sses of the neurohypophysis etc.), the latter was moved 
mechanically, thus covering the entire field in question.
By doing this the possibility of counting more basophils or 
acidophils in alternate fields, as worked out by Scruggs 
(1951), was avoided. Since the cell outlines are usually not 
clearly distinguishable from one another, the nucleus, which 
has a well-defined outline, was observed in order to count 
the number of cells. This process made the counting of the 
number of cells easier while minimising chanaes of error.
The percentage of acidophils and basophils for each fish was 
calculated and the mean for the 2 fish (used for this work) 
is worked out. The standard deviation for the mean is given 
from the formula (Simpson & Ro b , 1939) :
8.D. = é  = _
N - 1
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where d is the deviation from the mean percentage, and N is 
the number of the fish which is 2.
The mean percentage for acidophils and basophils with 
the 8.D. values were plotted to show the relative change in 
the number of acidophils and basophils during the year (Fig. 
35a, p. I8G ). The data concerning the count of the number 
of acidophils and basophils are shown in Table p . ;
Fig. 35a, p. I8G •
In order to measure the size of the cells it was decided 
to take only those into consideration which were found abutt­
ing on the processes of the neurohypophysis irrespective of 
their size and position and not those in the alternate fields 
(Scruggs, 1951)* The normal possibility in a section is 
that the cells might be cut in different planes. Therefore, 
in the present work, it was decided to measure 5 of the 
largest of such cells (seen abutting on the neurohypophyseal 
process) in each of the 4 sections passing through the 4 
different planes already selected for the count of number of 
acidophils and basophils. The whole meso-adenohypophysis was 
surveyed under higher magnification before selecting these 5 
cells. Normally these cells represented the different areas 
of the meso-adenohypophysis. The important thing in this 
method is that it gives a picture of the maximum length of 
the cells during the different periods of the year. In this 
way, 20 such cells were measured in each one of the 2 fish 
for each month. The standard deviation for the mean maximum 
length of the cells was calculated for a population of 40
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cells (20 each for 2 fish), by the following formula 
(Brownlee, 1949) :
s.D. = ^
N
where N is 40 (number of cells) and x is the maximum length 
of the cells (inyu).
The data for the maximum length of acidophils and baso­
phils and the standard deviations for the mean of a population 
of 40 were recorded from monthly samples during one complete 
year and are shown in Table 6a, p. /SS , and plotted in Fig.
P*/9/ • l'or a comparison of the monthly samples, in
order to establish that the peak in the curve thus obtained 
is real and not a random peak, the following method was 
adopted. Firstly, the 2 fish (each with a sample of 20 cells) 
for each month were compared in order to see that they were 
not significantly different. This was done by applying the 
Student's *t' test for significance probability according to 
the formula (Brownlee, 1949) as given below :
t =
- P^N 
Xyj - Xg or - Mg
N^+ Ng
(^Xx, ) - ($X. ) + ^(Xg ) - (^Xg)
4 _________________ ^
N^+ Ng- 2
where each one of N1 and 20, and x^ and X2 are the
figures inyu giving the maximum length of the cells.
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After ascertaining whether the difference in the counts 
(20 cells in each one of the 2 fish of the monthly samples in 
question) was statistically significant at not more than 5^ 
level, they were compared with the 2 fish (each with a sample 
of 20 cells) of the other month by applying the same formula 
for Student's 't' test. The values of these comparisons are 
shown in Table No. 6b, p. /8? •
Changes in the acidophils and basophils
i. Gytological changes : In February, the start of spring
and the beginning of the prespawning period in the minnow, 
the acidophils lie closely packed, the cell outlines are not 
well-defined and the granulation of the cytoplasm is sparse. 
Due to the latter condition they are more transparent on 
staining. On approaching the spawning period in April the 
granulation in the cytoplasm increases, the cells become more 
prominent and the cell outlines become distinguishable from 
one another. At no time of the year do such observations 
indicate any secretory activity which could be associated 
with their playing a part in the control of the reproductive 
cycle. The possibility remains, however, that their secre­
tion is passed directly into the blood undetected by the 
cytological methods used.
More pronounced changes are observable in the basophils 
of the meso-adenohypophysis. These are characterised by the 
changes taking place in the AF +ve and PAS +ve droplets or 
globules inside the cytoplasm (Figs. 24a, p./o6; 31, P-/68 î
Fig. 33 - Shows cytoplasmic changes in the AF +ve
basophils at different times of the year
(February-April-May-November).(AF & Orange G).
Also shows the two types of nuclei of 
the pituicytes.
Abbreviations :
B.V - Blood vessel.
GH - Chromophobe.
G - Secretory globule.
MS.A - Acidophil of the meso-adenohypophysis.
MS.B - Basophils of the meso-adenohypophysis.
NU - Nucleus.
PC - Nucleus of the pituicyte cell.
V - Vacuolisation.
MSB;
MS.A
tsr&
FEB. APR.
MAY
MS.B
MS.A
MS.A.
NOV.
fig.‘33‘ OOaSTmn-
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Fig. 3^ y - V.L.Sections of the pituitary of the minnow 
(10 X 2 mm.).
a.- Meso-adenohypophysis to show vacuolisation 
(V) in the basophils ( June, river fish, AF 
and Orange G.).
b.- Meso-adenohypophysis to show some vacuoli­
sation in the basophils ( MS.B ).(May, river 
fish, Azan. ).
Abbreviations :
MS.A - Acidophils of the meso-adenohypophysis.
NHY - Neurohypophysis.
t s x
MS.B.
MS.A
J___I
lOXL
MS.B.
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35, P* l8o ). They are present all the year round excepting 
in November and December, when they are few in number and not 
well differentiated from the deeply staining cytoplasm. In 
January these globules are well differentiated but they are 
extremely small in size. Through February the globules also 
grow in size with the increase in the size of the cell. The 
cytoplasm is strongly AF +ve. In March the globules grow 
further but are fewer in number and the cytoplasm shows some 
vacuolisation. In April the globules grow further and seem 
to reach their maximum size in the prespawning period (Fig.
33, p./So ). In May the cytoplasm shows vacuolisation and 
the number of the globules falls appreciably (Figs. 35b, p.186; 
35, p. /SO ; 3^b, p.182.)* In June the globules are extremely 
few in number but large in size, whereas the cytoplasm is 
extremely vacuolated (Fig. 3^a, p*l8Z)* Even a few globules 
are seen in the intercellular space as vyu Carassius auratus 
(Scruggs, 1951)* In July the globules are again many and 
large (perhaps the biggest during the year) and in August 
they are again found extracellular in position in much greater 
number than in June. After August the number of the globules 
gradually declines through September and October till they 
reach the condition present in November and December which is 
presumably the resting period in the reproductive cycle of the 
minnow.
ii. Proportional changes : The change in proportion of the 
acidophils takes place from May to July and also in October
Table No. 5-
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Months Fish Acidophils Basophils
Number
counted
% Mean
%
% Mean
%
S.D.
+
7th A 6076 4-6.2 53.8
Jan. 4 9 .0 51.0 3 .97
1964- B 6222 _ 51.8 48.2
12th A 5131 4-2.5 57.5
Feb. 40.3 59.7 3.11
1964 B 7006 38.1 61.9
6th A 1694- 4-1.8 58.2
March 4 5 .7 54.3 5 .50
1964 B 1224-2 4-9.6 50.4
14th A 5371 4-7.8 52.2
April 45 .3 54.7 3 .54
1964 B 6916 4-2.9 ' 57 .1____
6th A 114-55 4-1.3 58.7
May 38.6 61.4 3.81
1963 B 84-77 35.9 64.1
11th A 9099 4-0.5 59.5
June 44-.4- 55.6 5.50
1961 B 5876 4-8.4- 51.6
11th A 6521 32.5 67.5
July 36.3 63.7 5.37
1963_. _ B 64-29 4-0.1 59.9
7th A 4-188 4-9.4- 50.6
Aug. 52 .5 47 .5 4.38
1963 B 64-19 55.6____ 4-4-.4-
13th . A 4-966 4-9.9 50.1
Sept. 42.6 57.4 10.19
1963 B 7206 35.4 64.6
10th A 4-336 34.8 65.2
Oct. 39 .6 60.4 6.8
1963 B 7697 44-. 4 55.6
8th A 4-512 4 7 .5 - 52.5
Nov. 48.7 51.3 1 .7
1963 B 4957 49.9 50.1
10th A 8839 53.9 46.1
Dec. 4 7 .3 52.7 9 .2
1963 B 94-66 40.8 59.2
Eig. 35^ —
a.- Curve representing the seasonal changes in 
the acidophils and basophils of the meso- 
adenohypophysis with regard to their relative 
percentages in a 2 - fish monthly sample.
The acidophils are represented by vertical 
lines while the basophils by stippling.
The space between the vertical lines and 
stippling represents the standard deviation 
for the mean percentage of acidophils and 
basophils.
b.- Section (V.L.S) of the meso-adenohypophysis 
to show the vacuolisation in the basophils 
(May - river fish ; AF & Orange G.; 10 x 2 mm.)
Abbreviations :
B.V - Blood vessel.
MS.A
& - Acidophils and basophils of the meso-
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(Table 5, Fig. 55a, p. /Sé) when they are comparatively
less in number but from this no definite conclusion regarding 
its cyclic nature can be drawn, especially when the change is 
not very prominent.
The basophils show an increase in the frequency of cell
divisions after spawning and divisions are most frequent in
the late autumn and winter periods. The proportion of baso­
phils to acidophils shows an increase in the prespawning 
(February to April), early spawning and spawning (May-June, 
even extending to early part of July) and postspawning periods 
except in August (Table 5, p./S^; Fig. 35a, p./86 ), the
reason for which is unknown.
The relative change in the proportion of acidophils and 
basophils (Table P*l<9^  ; Fig. 35a, p./S4 ) does not show a 
correlation with the reproductive cycle. This work is based 
on the study of a monthly sample of 2 fish and as such the 
result can only be regarded as very tentative. It might, 
however, be useful to apply these observations on a larger 
sample.
iii. Change in maximum length : From February to April the 
acidophils increase in their average maximum length from 9yU 
to 12.3yU and appear very much longer than broad. The free 
end of the cell is much broader than the other end and it is 
at this free end that the round, sometimes indented, nucleus 
is situated. The other end narrows down and remains attached 
to the surface of the neurohypophyseal process. The acidophils
Table No. 6a.
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Months Fish
No. of 
cells 
measured
Acidophils Basophils
Average 
maximum 
length 
in yu
S.E.
+
S.D.
+
Average 
maximum 
length 
in yu
S.E. S.D.
+ +
7th A 20 8.82 10.35
Jan. 0.13 0.98 0.23 1.59
1964 B 20 8.40 11.95
12th A 20 7.97 11.55
Feb. 0.22 1.43 0.20 1.26
1964 B 20 10.32 13.10
6th A 20 8.18 12.78
March 0.28 1.77 0.22 1.44
1964 B 20 11.07 12.95
14th A 20 11.87 « 16.74
April 0.22 1.38 0.35 2.11
1964 B 20 12.79: 13.68
6th A 20 12.75 17.12
May 0.23 1.61 0.26 1.70
1963 B 20 11.12 16.90
11th A 20 11.07 15.56
June 0.16 1.01 0.27 1.69
1963 B 20 10.32 17.34
11th A 20 9.09 14.17
July 0.22 1.57 0.17 1.10
1963 B 20^ 10.39 13.00
7th A 20 11.95 13.42
Aug. 0.19 1.21 0.27 1.69
1963 B 20 10.34 14.12
13th A 20 11.98 13.57
Sept. 0.30 1.95 0.27 1.70
1963 B 20 8.67 10.91
10th A 20 10.03 11.77
Oct. 0.14 0.86 0.19 1.23
1963 B 20 10.43 12.09
8th A 20 10.27 10.64
Nov. 0.17 1.03 0.17 1.10
1963 B 20 9.68 10.86
10th A 20 9.41 10.16
Dec. 0.21 1.34 0.30 1.87
1963 B 20 9.31 12.04
Table No. 6b.
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Month January
1964
March
1964
May August 
1965 1965
October
1965
November
1965
A
Jan.
'64.
1-55/58 5-1/78 10.9/78 10.5/78 7-8/78 6.09/78
B 4.27/58 5-5/78 16.6/78 7-5/78 2-5/78 1-5/78
A 8-7/58 6.01/78 4.6/78 1-97/78 1-15/78
Mar.
'64.
B
— —
0.04/58 11'.6/78 2.5/78 5-05/78 7-25/78
A 5-5/78 2.2/78 5-77/78 6.26/78
May
'63.
B
— —
0.04/58 8.5/78 14-99/78 19-26/78
A 5-6/78 4.04/78 4.6/78
Aug. — — — — — —
'63.jg 1-27/78 5-4/78 9-5/78
A 1-7/58 1.11/78
Oct. 
'63
B
— —  — — — -
0.08/58 4.59/78
A 1-75/38
Nov.
■65 B 0.06/58
Explanation : The table shows the values of * t * between
the samples of the same and different months 
at 38 or 78 degrees of freedom.
Values of * t ' underlined are not signifi­
cantly different at 5% level for the degrees 
of freedom mentioned against them.
Abbreviations : A = Acidophils ; B Basophils.
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Fig. 3 6 - Curves for basophil and acidophil cells 
of the meso-adenohypophysis to show the 
seasonal changes in their maximum length 
(given inyu). The Standard Deviation (S.D.) 
for the mean maximum length of each month 
is shown by vertical lines.
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1continue more or less in this condition through the spawning 
period of May-June, with a gradual decline in size towards the 
end of summer and by the beginning of autumn (September- 
October) they start reverting to the condition from which they 
started. In January they seem to be smallest in size (Table 
5a, p. /88). There is a cyclical change in size of the acido­
phils as seen in Table 6a, p./88; Fig. 3é, p. M  ! . However, 
it is difficult to assess this statistically since the monthly 
samples are significantly different as seen in Table 6b, p./d'^ .
Beginning in the prespawning period (February), the 
basophils gradually increase in size from 12yU to about 1?yU 
in the spawning period (Table 6a, p. 186 )• During this time 
the side of the basophil which remains touching the process 
of the neurohypophysis becomes very much elongated. In the 
postspawning period the basophils decrease in size to a certain 
extent and then remain steady till the end of summer (August). 
From August onwards the basophils become gradually shortened 
in length till they reach a stage when they are only about 
11yU in length. They retain this size until January after 
which they probably repeat the same cyclic change (Table 6a, 
p./Q8; Fig. 361 p. ). It thus appears that the basophils 
of the meso-adenohypophysis show seasonal changes of a cyclic 
order with regard to their size, the peak of the curve lasting 
from April to June.
In order to ascertain that the peak as shown in the normal 
curve (Fig. 36, p.Mf ) is real, the sample of May is compared
1with that of harchja.tid November. Applying the Student's 't ' 
test (formula already given on P./7 7 ) to the 2 fish (each with 
a sample of 20 cells) for each month, it is ascertained that 
they do not present a statistically significant difference.
The values for 't ' derived for the months of March, May and 
November, with $8 degrees of freedom, are 0.0)6, 0.04-0 and
0.060 respectively. These values, in addition to those for 
other months as well as between different months are shown 
in Table No. 6a, p . / 88 • On comparing the March sample with 
those for May and November, the values for 't' with 78 degrees 
of freedom are 11*50 and 7#25 respectively, whereas the value 
for *t' between monthly samples of May and November is 19*26. 
All these values for 't ' indicate that the relative size of 
the basophils is significantly different in these three 
samples which represent the prespawning, the early spawning 
and postspawning (winter rest) periods.
It is thus clear on statistical grounds that the seasonal 
variations with regard to the increase in size of the basophils 
are correlated with the reproductive cycle of the fish. In 
the minnow, there is an increase in the size of both basophils 
and acidophils (Fig. 3€>, p. 19/ ) and these seasonal changes, 
which are quite distinct from April to June, may be associated 
with the maturation of the gonads and the reproductive beha­
viour (such as the search for food and the search for a mate, 
involving longer swimming movements) respectively.
In the minnow, the curve of relative proportions of 
acidophils and basophils (Fig. 35a, p./S6 ) does not indicate
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a seasonal variation. On the other hand, the curves for 
the maximum length of the cells (Fig. 36, p./9 f) point 
strongly in favour of a seasonal variation. This suggests 
that the overall increase in the size of the meso-adenohypo­
physis is due mostly to the increase in the size of the 
acidophils and basophils and not to an increase in their 
number.
The basophils of the meta-adenohypophysis do not show 
any appreciable change in size during the course of the year 
and present a closely-packed condition except in the spawning 
period when their outlines are clearly distinct. However, 
these cells are always associated with acidophilic globules 
or droplets in varying number, except in December when they 
are enormous (Fig. 32a., p.l70 )• At any rate, these droplets 
doyfiot so far appear to show any correlation with the repro­
ductive cycle of the minnow.
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3• Discussion
The homologies of the parts of the teleostean pituitary 
have been discussed, among others, by Kerr (194-2a, b) and 
Pickford & Atz (1957). The latter have compared, on function­
al grounds, the meso-adenohypophysis with the pars distalis 
(anterior lobe) and the meta-adenohypophysis with the pars 
intermedia (intermediate lobe) of the higher vertebrate 
types. The function of the pro-adenohypophysis is not clear 
and it is compared by them with the pars tuberalis of the 
higher vertebrate types. Later workers like Olivereau & Ball 
(1964-) do not find any part of the fish pituitary homologous 
to the pars tuberalis of the higher vertebrate types. They 
include both pro- and meso-adenohypophysis of the pituitary 
of Poecilia species under pars distalis and term them as 
"pars distalis rostrale" and"pars distalis proximale" 
respectively. With regard to morphological homologies as 
well as to the seasonal changes taking place, especially in 
the meso-adenohypophysis, the pituitary of the minnow as 
shown in the present work follows the general plan of the 
teleostean pituitary.
As pointed out by Matty & Matty (1959) (see p. /5~5~ ), 
knowledge of the cyto-chemical nature of the cells of these 
parts is necessary before any conclusion regarding the homo­
logies of the different parts of the fish pituitary and that 
of the higher vertebrate types can be established,
i. Pro-adenohypophysis : In the present work on the minnow.
1the acidophils, on the basis of tinctorial reactions (seepp.jéo^ 
/ ), are only slightly different from those of the meso-
adenohypophysis . Perhaps due to poor blood supply and 
consequently lack of stimulation , these cells do not 
undergo intracellular differentiation equal to that of the 
meso-adenohypophysis*
It is suggested that the basophils of the pro-adeno- 
hypophysis (see p*/é3 ) really belong to the meso-adenohypo­
physis. It seems that during the development of the pituitary 
they have been pushed to this part along with the processes 
of the neurohypophysis with which they are mostly associated. 
This is supported by the fact that most of these basophils, on 
examining the serial sections, are in continuation of the 
basophils of the meso-adenohypophysis. Their smaller size 
(see p.|63) may be due to the poor blood supply of this part.
Unlike Glupea harengus (Buchmann, 194*0) and Salmo salar 
(Olivereau, 1954-b), seasonal secretory activity in the acido­
phils of the pro-adenohypophysis is not visible in the minnow.
Both acidophils and basophils of the meso-adenohypophysis 
have been implicated in the release of AGTH by the teleost 
pituitary (Rasquin & Stoll, 1955; Ghavin, 1956). But 
Olivereau & Ball (1964-) have experimentally shown that the 
basophils of the rostral pars distalis (pro-adenohypophysis) 
are the site for the corticotropin hormone and the erythro- 
sinophils (acidophils) are probably concerned with the 
secretion of prolactin.
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It would thus seem justified to suggest the inclusion 
of both pro- and meso-adenohypophysis under pars distalis 
as in Poecilia by Olivereau & Ball (1964-).
ii. Meso-adenohypophysis
a. Staining reactions: Two types of basophils have been 
identified experiment ally in the meso-adenohypophysis of the 
minnow by Barrington & Matty (1955)* In the course of the 
present work the two types of basophils, tinctorially 
differentiated by the AP method (Dawson, 1953), are found in 
the monthly samples of March (Pig. 30b. ,p. (62.) and August.
It may again be recalled that the March series show this 
difference whereas the January and February series do not 
although they were all stained together for the same time. 
Excepting the difference in the granulation, these two types 
of cells show a similar secretory activity and are similar 
in size and in the position of the nucleus (Fig. 30b. ,p. 162.) . 
The nucleus lies mostly towards the free end of the cell and 
it would appear central if the section passed across the free 
end. It is therefore assumed that although two types of 
basophils (gonadotrophs and thyrotrphs) can be differentiated 
experimentally in the meso-adenohypophysis, their cytological 
differentiation based on tinctorial grounds, especially by 
the AF method, seems doubtful. This supports a similar 
observation of Fortune (1958) in the minnow.
b. Secretory activity: Olivereau (1954-b), in Salmo salar 
described fuchsinophils (acidophils) of the meso-adenohypo­
physis discharging their granules into the neuro-intermediate
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lobe where they form, after fusion, brilliantly staining 
droplets. She regarded them as the source of somatotropin 
hormone. In the minnow the acidophils of the meso-adeno­
hypophysis do not show any secretory activity.
The basophils in the minnow possess AF +ve and PAS +ve 
globules (see p. /66 ). Such globules have been reported by 
other workers such as Bell (1938) in Carassius auratus, Kerr 
(194-Ob, 194-2a) in Perea fluviatilis and Scruggs (1939, 1951) 
in a large number of fish, but they have not been described 
in the earlier work on the minnow pituitary by Kerr (194-2b), 
Barrington & Matty (1955), Fortune (1958) and Matty & Matty 
(1959)* These globules, in other fish, are claimed to be 
acidophilic in contrast to the present finding in the minnow.
An extracellular condition of the globules, similar to 
that of the minnow, has also been reported in Perea fluviatilis 
(Kerr, 194-Ob. , 1942a) and also in Carassius auratus (Scruggs, 
195^)* Kerr (1942a) regarded these extracellular globules 
as representing the Herring material which has migrated to 
the pars nervosa either directly or through the pars intermedia 
However, this does not appear to be so in the minnow (also 
see p. Ii9i ).
Fortune (1958) recognised three grades active, inter­
mediate and inactive, for judging the thyrotrophic activity 
in the meso-adenohypophysis of the minnow. These were based 
upon the degree of vacuolisation, most pronounced vacuolisa­
tion indicating the greatest activity. These stages chosen
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by Fortune (1958) may indicate thyrotrophic activity with 
regard to the release of the thyrotropin and not its 
production.
In the present study the relative proportion of the 
cytoplasmic inclusions of the basophils, i.e. the granules 
and globules (seepp./^ 5-/6é), is such that the former appear 
likely to be the precursors of the latter. It is therefore 
suggested that two active stages of trophic activity may be 
recognised, one regarding the active rate of production of 
the tropins (seen in the form of granules and globules) and 
the other regarding the active rate of release, recognised 
by the degranulation followed by increased vacuolisation. 
Besides these two active stages there is a resting stage when 
the rate of production and release is minimal. With these 
three stages in mind it is possible to infer that during the 
seasonal changes there is greater rate of production of the 
tropins as compared to their release in the prespawning 
period (Figs. 31a, p./é8 ; 33, P* iSo ); during the spawning
period there is an increasing rate of release rather than 
production resulting in the vacuolisation of the cytoplasm 
and intercellular presence of the globules in the month of 
June (Fig. 20b, p.?^); in the post spawning period there 
seems to be an outburst of production of the tropins followed 
by their release in July-August and thereafter there is a 
gradual decline in the production - release rate till the 
cells pass into the resting stage recognised by the condition 
present in November-Deeember.
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c. Seasonal changes in size : Very few attempts have been 
made in the past to note seasonal changes in the size of 
the cells in relation to the reproductive cycle. More notable 
in this connection are the investigations of Rasquin (19^9 )  ^
Scruggs (1951) and Olivereau (1954-a, b).
In the present work the change in the size of the cell
is assessed by taking the maximum length for the following 
reason. The pituitary of the adult is formed by the 
j infoldings taking place in the epithelium of the outgrowth 
of the buccal roof (adenohypophysis) which become interlocked 
with similar and much finer processes of the infundibulum 
(neurohypophysis). These buccal and neural lobes of the 
pituitary enclose the mesodermal stratum between them (Green 
& Maxwell, 1959). The epithelial cells of the adenohypophysis 
would lie against the mesodermal stratum. This arrangement 
is commonly found in sections of the pituitary and therefore 
it is such cells alone which can give the correct idea about 
the size of the cell at a particular time of the year. On 
the other hand, there are present scores of basophils and 
acidophils of different sizes which are in all likelihood 
cells cut in various planes and different parts of the cell.
The curves (Pig. 361 p./if ) indicate a clear seasonal
change in the size of both acidophils and basophils. The 
results for basophils are remarkably different from those 
of Scruggs (1951) where, in the case of Carassius auratus, 
the basophils are reduced in size in the months of May to 
July. The difference between these fish is surprising since
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the minnow, Carassius auratus and Gyprinus carpio all belong 
to the order Gypriniformes and follow a similar reproductive 
cycle, having a spawning period from May to June or July.
After spawning the gonads are partially rebuilt. It is 
therefore assumed (which may not be justified) that the 
breeding behaviour of these fish would follow similar changes 
in the size of the cells of the meso-adenohypophysis and that 
the basophils would be active for some time after spawning in 
the partial rebuilding of the gonads. The difference in the 
method used by Scruggs may perhaps account for the difference 
in the result.
A consideration of the size of the acidophils and baso­
phils demonstrates that the acidophils show a gradual decline 
till January, whereas the basophils are smallest in November 
and December and by January have grown much more than the 
acidophils (Table 6a, p./8S ). Also, the acidophils increase 
in size like the basophils and show a cyclic change. Thus a 
transformation from the acidophils into basophils, as 
suggested in Rhodeus by Bretschneider & Duyvene de Wit (19^7), 
seems doubtful in the minnow.
iii. Meta-adenohypophysis : The meta-adenohypophysis is 
reported to show secretory activity during the spawning period 
in Glupea harengus (Buchmann, 19^0). In Garassius auratus 
Scruggs (1951) also noticed very small secretory vacuoles 
containing acidophilic material inside the basophilic cells 
of the meta-adenohypophysis. Such a secretory activity has 
not been observed in the present work. However, these cells
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are always associated with a variable number of extracellular 
acidophilic droplets (Fig. 32a, p. l7o ), although the latter 
are never seen as an intracellular secretion even with a 
magnification of about 1000 times. Some investigators (Kerr, 
19^2a; Olivereau, 1954-b) have suggested that such droplets 
migrate from the meso-adenohypophysis, but in the minnow, at 
least, this does not seem feasible. Firstly, they are only 
confined to the meta-adenohypophysis. Even when these 
droplets are found in the meso-adenohypophyseal region they 
are confined to the tissue of the meta-adenohypophysis which 
projects forward in that region surrounding the neurohypophysis 
Secondly, they do not show- any cyclic variation in their 
number, unlike the secretory globules of the meso-adenohypo­
physis. Finally, they stain completely differently from the 
secretory globules.
It is of interest that these droplets are found in 
greater number in the December fish (Fig. 32a, p. 17^  ), and 
also in fish placed on a black background, in darkness and 
in the blind fish (Table 1b, p. 32- ) than in fish collected
at other times of the year and in other physiological condi­
tions (see Table la, p*3| ).
The meta-adenohypophysis of fish is concerned with the 
melanophore-stimulating hormone (or melanophore-dispersing 
hormone of higher vertebrates), (Pickford & Atz (1957)- 
In the minnow Kent (1959, 1960a) has shown that the distri­
bution of the melanophore-aggregating hormone is five times
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more in the posterior part than in the anterior as recognised 
by him on external features. According to him the disparity 
in the hormonal content was perhaps due to the fact that some 
20 perbent of the meta-adenohypophysis was included in the 
anterior portion during separation. This is supported by the 
present work on the reconstruction of the minnow pituitary 
(Figs. 29a, b, c; p. I5~S ) and its cytological structure
(seepp./s-f-ZTz), which shows that the anteriorly projected part 
of the meta-adenohypophysis would be roughly one-fifth of the 
meta-adenohypophysis behind the arbitrary guiding line of 
Kent (1959, 1960a). On the basis of this suggestion it appears 
that the posterior part of the pituitary (Kent, 1959) would 
contain about five times more of the acidophilic droplets 
than those present in the anterior part. The true nature of 
their function is not known but it is suggested that these 
acidophilic droplets may represent the tightly bound stainable 
material with the melanophore-aggregating hormone or the 
hormone itself. Baker (1962) found that the lead haematoxylin 
cells in the meta-adenohypophysis of the minnow became 
degranulated after proloned adaptation to a black background 
and regarded these cells as the site of production of melano­
phore-aggregating hormone. However, she did not report the 
presence of these droplets in the meta-adenohypophysis of 
the minnow.
Such acidophilic droplets associated with the meta­
adenohypophysis have been reported from other fish such as 
Perea fluviatilis (Kerr, 194-2a) Carassius auratus and
Gyprinus carpio (Scruggs, 1951), Astyanax (Atz, 1953),
Salmo salar (Olivereau, 195^a,b) and Fundulus heteroclitus 
(Sokol, 1961) and it is of interest that in most of these 
fish there is evidence of colour change after injections of 
pituitary preparations.
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4. Blood supply of the pituitary and the hypothalamo- 
hypophyseal vascular relationship in the minnow.
Introduction :
The blood supply of the epiphysis has been dealt with 
earlier on p. 45“ . It now remains to describe the blood 
supply of the pituitary, its intrevascularisation and its 
vascular relation with the hypothalamus, especially its 
preoptic nucleus (Figs. 25, P*/^^ ; 37, p. 2x>8 ; 38, p. 2/4 ;
39, p.2/6 ; 4-1, p. 219 )•
The blood supply of the pituitary of teleost fish is 
known in many more beside the work on Cyprinoids (Florentin, 
1936), Corydora paliatus (Miller, 19^4), Rhodeus amarus 
(Bretschneidar & Duyvene de Wit, 19^7), Ehoxinus phoxinus 
(Kerr, 1942b, Barrington, 1960a), Tinea rulgaris (Denys, 
1959-1960) among the cyprimiformes; salmonids (Florentin, 
1936), Salmo salar (Olivereau, 1954-a, b), Esox lucius 
(Diepen, 1954-) among the Glupeiformes; Panchax lineatus, 
Kiphophorus helleri, Mollienisia sphenops, Lebistes 
reticulatus (Follenius, 1960/1961) among the Gyprinodonti- 
formes; Hippocampus guttulatus (Da Lage, 1958) among the 
Syngnathiformes and Herichthys cyanoguttatus (Baker, 1962) 
among the Perciformes.
Besides this, the hypothalamo-hypophyseal vascular 
relationship is known from the work of Green, (1951) and 
Be gait , (1957) in a number of teleosts and of Wingstrand, 
0956) in Protopterus. Follenius (1961) gave a comparative
2account of the hypothalamo-hypophyseal vascular system in 
fish belonging to Gypriniformes, Gyprinidontiformes and 
Perciformes.
The general plan of the blood vascular supply of the 
head with particular reference to the pituitary, its 
intravascularisation and its relationship with the 
hypothalamus was studied from serial sections, both trans­
verse and vertical longitudinal, of about 200 fish. The 
general picture of the blood vascular supply has been 
reconstructed graphically from such sections prepared from 
fish 4 .5 cm. in length, at which stage the animal has almost 
reached the adult condition. The few differences which 
characterise the preceding or the following stages have been 
described for them also. The graphical reconstruction of 
the blood vessels is made in a ventral view so that it might 
prove useful in performing hypophysectomy in the fish 
successfully through the buccal roof (Healey, 1948).
The general disposition of the blood vessels is shown 
in Pig. 37 , p. 208 . The efferent branchial vessels, the 
dorsal lateral aortae, the dorsal aorta and the superior 
jugular veins follow the typical teleostean pattern. The 
dorsal lateral aorta after receiving the first efferent 
branchial artery gives rise to two arteries - the orbital or 
external carotid artery and the internal carotid artery.
Each internal carotid runs medially and in the anterior 
region of the pituitary lies ventral to it. It then runs
^ig*37 “ general plan of the blood vessels of
the head region (neurocranial part) of the 
minnow with special reference to the 
pituitary gland. (Based on the graphical 
reconstruction from serial T.S. of a 
fingerling 4.5 cm. in length).
Abbreviations :
A.C.A — Anterior cerebral artery.
A.R.A - Anterior retinal artery.
A.R.M — Anterior or internal rectus muscle.
C.A — Inferior cerebral artery.
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E.C — External carotid artery.
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forwards in the mid-line very close to its fellow of the 
opposite side. There is an open circulus cephalicus. Just 
in front of the pituitary the internal carotid artery gives 
rise to a posterior cerebral artery.
The posterior cerebral artery runs backwards and in the 
anterior region of the inferior lobe gives rise to two blood 
vessels. One of these two branches runs anteriorly supplying 
the ventral thalamus and terminating in a profuse vasculari­
sation in the region of the nucleus pre-opticus. Eigs./3 .2.5" 
pp. . This anterior blood vessel extends upto the
region of the nucleus pre-opticus in the early stages of 
development (1.6 cm.) even when the cells of the nucleus 
pre-opticus are only slightly morphologically differentiated 
and are not yet AE +ve. The profuse vascularisation of the 
nucleus pre-opticus fronjbhe very early stages of development 
points out the great physiological importance of these 
neurosecretory cells of the hypothalamus in the organo­
genesis. The other branch runs dorsally along the roof of 
the third ventricle from which branches are given to the 
dorsal thalamus and the epithalamus including the pineal 
organ and ganglion habenulae. According to Barrington (1960a) 
however, the dorsal vessel running along the roof of the 
third ventricle, a branch of the internal carotid and, in 
all probability, the dorsal branch of the posterior cerebral 
artery just described, takes blood to the anterior region of 
the diencephalon, including the nucleus preopticus, and also 
gives off branches which vascularize the ventro-lateral
walls of the diencephalon. It is interesting to find such 
anatomical differences, among the minnows belonging to two 
different localities.
Further forwards, the internal carotid artery runs 
dorsal to the commissural artery connecting the two efferent 
pseudobranchial arteries, and anterior to the latter it gives 
out an optic artery which runs to the eye of its own side 
along with the optic nerve. Running forwards, lateral to 
the optic chiasma, the internal carotid artery gives out an 
anterior retinal artery which runs laterally to supply the 
retina. Soon after, the internal carotid artery passes into 
the cranial cavity and gives rise to an anterior cerebral 
artery. In front of the anterior limit of the optic chiasma 
(the crossing over of the optic nerves), the internal 
carotid artery joins with its fellow of the opposite side 
to form an infra-cerebral artery which runs forv/ard in the 
mid-line underneath the telencephalon. On joining each other 
the internal carotids give off a median artery which after 
traversing the optic chiasma i.e., between the optic nerves, 
becomes extracranial. Very soon, after piercing through the 
durai membrane, it again becomes intracranial in position 
and runs backwards ventral to the hypothalamus as the ventral 
hypothalamic artery (Figs. 25, p.|o^ & 57, p. 8 ).
The ventral hypothalamic artery (probably the median 
pituitary artery of Barrington (1960a)) gives off a vessel, 
the;, anterior hypothalamic artery, just posterior to the
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optic chiasma (Figs. 25, p. /oi & 57, p.2oS). This blood 
vessel traverses the ventral wall of the telencephalon and 
bifurcates into two branches which lie along the sides of 
the preoptic recess. These branches vascularise the ependymal 
lining of the ventricle, the preoptic recess and the ventral 
part of the telencephalon. The ventral hypothalamic artery 
then pursues its course backwards within the meninges and 
gives off another median artery to the ventral part of the 
diencephalon, behind the commissura transversa, known as the 
posterior hypothalamic artery Figs. 25, p. & 57, p. . 
This blood vessel has a much wider distribution. Piercing 
the wall of the hypothalamus, it soon divides into two median 
blood vessels Fig. 2 5" , p. /07 . Of these two branches, the 
anterior runs forward, giving out paired blood vessels along 
the sides of the ventricle. The posterior branch has a 
greater range of distribution, giving branches in the wall 
of the hypothalamus and infundibular floor and hence it is 
called the ventral infundibular artery Figs. 25, V* lo^  ; 57, 
p* 208 & 58a, b, c, p. 2/Zy . It gives paired branches which 
vascularise the ependymal lining of the ventral part of the 
infundibular cavity or recess. This blood vessel finally 
enters the pituitary gland after forming a capillary blood 
plexus with the ring vessels just above the stalk region.
It seems probable that the ventral infundibular artery has 
been described by Barrington (1960a) as the lateral pituitary
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artery, since no other blood vessel from the brain is found 
entering the pituitary through the stalk. It is again 
interesting to find anatomical difference in the minnows of 
different localities. Whereas an anterior and a posterior 
hypothalamic artery is always seen in the present work, 
Barrington (1960a) did not describe them. Again, the ventral 
infundibular artery is a constant feature in both the earlier 
stages of development and adult minnows Figs.25^ ;io<L^  ^pp.foi^ 9Q^ ^^ %
Developmentally, the ventral infundibular artery arises
as a median branch of the blood vessels going to the preoptic
nuclei. This arrangement of blood vessels is found in 1.6 cm.,
5.3 cm., 5*9 cm. long stages. In later stages of development
from 4.5 cm. length onwards the ventral infundibular artery
gets disconnected from the blood vessels supplying the
posterior
preoptic nuclei (branches of the/cerebral arteries) and joins 
the posterior hypothalamic artery as one of its two branches 
as seen in the adult stage Fig. 25" p . . The importance of 
this artery is evident, since the blood supply of the ventral 
part of the hypothalamus and infundibular floor and also the 
subsequent entry of the blood vessel into the pituitary is 
maintained from a very early stage of development. Thus, 
unlike the lateral pituitary artery of Barrington (1960a), 
the ventral infundibular artery in the present work has a 
different origin.
The ventral hypothalamic artery then divides into two 
branches called the ring vessels as described by Barrington
j^ig*38 - Hypothalamo-hypophyseal vascular relation­
ship.
a.- V.L.Section of the brain of the minnow to 
show the position of ventral infundibular 
artery (V.I.A) and its capillary plexus.
(AF and Orange G., 10 x 3 mm.).
b .- T.S of the head of the adult minnow to show 
the division of ventral hypothalamic 
artery into two ring vessels (R.V),(Azan,
10 X 8 mm.).
c.- T.S as in (b) in the region of the pituitary, 
(Azan, 1 0 x 8  mm.).
d.- T.S as above but further posteriorly, showing 
the connection between the ventral infundi­
bular artery and the ring vessel, (Azan,
10 X 8 mm.).
Abbreviations :
III.V - Third ventricle.
I.R - Infundibular recess.
O.N - Optic nerve.
WPO - Nucleus preopticus.
NS - Herring body containing neurosecretion.
P.AD - Pro-adenohypophysis.
PR.R - Preoptic recess.
TR.COM - Commissura transversa.
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Fig.3^ - Graphical reconstruction of the intra-
hypophyseal vascularisation of the 
piyuitary gland and its connection 
with hypocranial vein (HC.V) and pitui­
tary veins (P.V) from serial transverse 
sections of a fingerling 4.5 cm. in 
length.
Abbreviations :
B.C. - Blood capillary or sinus.
E.R.M - External rectus muscle.
I.C - Internal carotid artery.
I.R.M - Internal rectus muscle.
X - Openings into the pituitary veins.
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(1960a). The latter run backwards within the meninges up to 
the pituitary stalk (Figs. 25, p./o^ J; 57, p.^o8 & 58b, c, 
p. ), where they enter the nervous tissue of the pituitary 
and become connected with the ventral infundibular artery (as 
the latter passes into the pituitary) thus forming a capillary 
connection in the region just above the stalk Figs. 25, p.
& 58d, p. ;i/4 • In the stalk region also, branches are given 
out from the ring vessels which join with the ventral 
infundibular artery and with one another and enter the 
pituitary. The arrangement of these blood vessels entering 
the pituitary remains the same up to the adult stage.
The plexus of blood vessels in the stalk region (pituitary 
stalk) is connected with a ramifying system of blood 
capillaries which spreads throughout the pituitary gland 
Figs. 25, p./o^ , 59, p .&/ 6 & 41, p. A M  . At the 4.5 cm. 
stage it is difficult to say whether the blood vascularisa­
tion is richer in the meso- or in the meta-adenohypophyseal 
region but the capillaries or sinusoids in the latter part 
of the pituitary gland are larger in calibre. The pro­
adenohypophysis, however, is much poorer in its blood 
vascularisation Fig. 59, p. SI 6 •
The pituitary is drained of its blood supply posteriorly 
as well as postero-laterally. The pituitary vein of the 
left side receives a greater number of efferent blood vessels 
from the pituitary than the corresponding vein on the right 
side. In the adult condition (Fig. 41, p. 5./^ ) this
is very apparent, since there is only one efferent blood
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Fig.i/o - Sagittal L.S of the pituitary gland of 
the minnow to show the disposition of 
its different parts.
Fig. /// - Diagram to show the blood supply of the 
pituitary gland of the minnow.
Abbreviations :
B.C — Blood capillary or sinus.
C.L.S — Central longitudinal blood sinus.
E.P.V — Efferent pituitary vein.
E.R.M — Blood vessel from external rectus muscle.
H.B - Herring body.
HC.V — Hypocranial vein.
HY - Infundibulum.
I.R — Infundibular recess.
M.AD — Meso-adenohypophysis.
MT.AD — Meta-adenohypophysis.
NHY - Neurohypophysis.
P. AD — Pro-adenohypophysis.
P.V , — Pituitary vein.
V.I.A — Ventral infundibular artery.
R.V — Ring vessel.
p. AD.
M.AD:
M T.A D .
0*5 mm
FIG.40
EJR.M.
HC.V.
E.R.M
C.L.S.
MT.AD.
M.AD
0*5 mm
FIG.4I.
vessel which leaves the pituitary on its dorsal side (about 
the mid-line) and joins the left pituitary vein dorso- 
laterally at a place where the meso- and meta- adenohypophyseal 
regions are demarcated externally. The pituitary vein of the 
right side runs forward along the dorso-lateral border of the 
pituitary. In some cases it becomes extremely small in calibre 
but it regains almost its usual size at the anterior end of 
the pituitary. The poor development of the pituitary vein 
of the right side may be useful in approaching the pituitary 
stalk for making lesions from the right side.
In the adult condition the blood vessels in the pituitary 
stalk are joined to a central longitudinal blood vessel in the 
meso-adenohypophyseal region of the neurohypophysis Fig. 4-1, 
p.5/<^ . This blood vessel is not well defined at the 4-.5 cm. 
stage. In the adults, during the prespawning and spawning 
periods (February to May-June), this blood vessel or sinus 
is extremely enlarged (Fig.3J2^, p. Ho ) and this may indicate 
the functional importance of the blood vessel during this 
period.
Both in the adults and in the earlier stage (4-.5 cm. 
length) there are present one or two tiny blood vessels, 
from the surrounding tissue of the myodome, which enter the 
pituitary at its posterior end Figs. 39, p.^/6 & 4-1, p.^/f .
The nature of the blood in these capillaries is unknown but 
in all probability it is venous. In the adults there is also 
a small connection between the intrahypophyseal blood vessels
at the posterior end of the pituitary and the blood vessels 
which drain the extrinsie eye muscles before the latter open 
into the hypocranial vein Fig. 41, p. .
' The hypocranial vein runs within the myodome extending 
behind upto the auditory region. During the course forwards 
it receives the blood vessels draining the extrinsic eye 
muscles. In the postero-dorsal region of the pituitary it . 
splits into two pituitary veins. The pituitary veins receive 
blood from the extrinsic eye muscles even after draining the 
pituitary gland.
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Discussion
Following the findings of Popa & Fielding (1930) and 
subsequently confirmed by Wislocki (1937) regarding the 
presence of a hypophyseal portal system in higher vertebrates, 
especially the mammals, there has been an increasing possibi­
lity concerning the role of a portal system in the neural 
control of the adenohypophysis through the median eminence - 
pars tuberalis relationship. There is considerable experi­
mental evidence in support of this hypothesis.
Green (1951) gave a comparative account of the anatomy 
of the hypophysis in fish, especially the hypophyseal vascular 
relation. He concluded that in the fish a portal system 
comparable to that of higher vertebrates was absent. He 
suggested that the network of blood capillaries or sinuses 
lying between the adenohypophysis and neurohypophysis in fish 
may perform the same function as the portal system in the 
higher vertebrates and that the neurohypophysis of fish is 
therefore comparable to the median eminence of higher verte­
brates. Wingstrand (1954) agrees with Green (1954) in this 
respect, since there is a sharing of the blood supply by both 
the neuro- and adenohypophysis. He compares the saccus 
vasculosus of fish with the pars nervosa of higher vertebrates 
because of a similar blood supply independent of the adeno- 
hypophysis. Wingstrand (4956), however, described the 
division of the neurohypophysis in Protopterus into a median 
eminence and a neural lobe. The two structures lie close
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together and the portal system is poorly developed as compared 
to the condition described by Green (194-7) in the urodeles. 
begait (1957), working on the hypophysis of a number of 
teleost fish, drew the same conclusion as Green (1951)* 
Furthermore, Mellinger (1960) has described the portal system 
in the selachians and Follenius (1961) has described a rudi­
mentary portal system in Gypriniformes.
CL
In the minnow Barrington (1960^ ) described cells, just 
above the pituitary stalk, containing Gomori's chrome-alum 
haematoxylin positive (GGH +ve) granules lying close beside 
the nucleus. Associated with these cells, he described the 
blood capillaries which form loops connecting the two ring 
vessels. He regarded these cells as having a secretory 
function, since he noted the same type of stainable granules 
inside the blood capillaries which ran towards the pituitary 
or the third ventricle. He concluded that this part of the 
hypothalamus bears a suggestive resemblance to the median 
eminence of higher vertebrates.
The present work on the minnow shows that these cells 
with GGH 4-ve granules are situated above the stalk and extend 
somewhat laterally around the infundibular recess. It is of 
interest that most of these cells lie posterior to the 
infundibular recess (i.e. the place where it points in the 
middle of the stalk as seen in a sagittal section) Figs. 13c, 
p.73 & 20c, p. 7^ , thus making this area not quite compara­
ble morphologically with the median eminence of higher
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vertebrates which lies in front of the stalk region as well 
as the infundibular recess. Secondly, this part of the 
infundibular floor bearing these cells is situated posterior 
and dorsal to the preoptico-hypophyseal tract (also described 
by Barrington, 1960a) but not anterior and ventral as is true 
of the median eminence in the higher vertebrates. The rela­
tion between the tract and these cells with their associated 
blood vessels would be of prime importance in an anatomical 
comparison of this part of the infundibular floor with the 
median eminence of the higher vertebrates. Further, the 
role of these cells is not clear. They have never been found 
showing a secretory activity at any time of the year like the 
typical neurosecretory cells in the hypothalamus. They occupy 
the same place in the hypothalamus as the nucleus lateralis 
tuberis of other fish. They become differentiated at a very 
early stage of development i.e. 2.5 cm. length. At this stage 
the nucleus preopticus and the neurosecretory fibres in the 
neurohypophysis with Gomori's AF +ve stainable material, are 
seen for the first time. It seems that, on account of the 
well developed nucleus preopticus, these GGH +ve granules 
containing cells do not become further differentiated like 
the characteristic hypothalamic neurosecretory cells. Finally, 
the vascular bed formed by the connecting loops of the ring 
vessels, as described by Barrington (1960a), was not seen. 
Instead, the ring vessels are connected just above the stalk, 
in a loop-like manner, with the ventral infundibular artery
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while the latter enters into the pituitary Figs. 20c, p. Cj(f 
& 38, . These blood vessels, anyxhow, are not associa­
ted with the GGH +ve granules containing cells lying posterior 
to the infundibular recess. Such cells lying posterior to the 
infundibular recess, therefore, would be unable to discharge 
their secretory granules in the capillary network even on the 
basis of Barrington (1960a).
In the teleost fish, the hypothalamo-hypophyseal vascular 
relationship has been described as feeble or often absent by 
Kerr (19^2^. This was also found true for Salmo salar 
(Olivereau, 193^51,b ). An extremely short account of this 
vascular relationship was first given for Gorydora paliatus 
(Miller, 19^^)* The work of Dudok de Wit and Bret schneider 
(1947) is noteworthy in that they describe a definite 
hypothalamo-hypophyseal vascular relationship through the 
arteria infundibularis superficialis and the internae which, 
perhaps, have been referred to as the sub-hypothalamic 
cephalic artery by Pickford & Atz (1937). In Phoxinus 
phoxinus, Barrington (1960a) described the presence of a 
lateral pituitary which enters the pituitary through the 
stalk. He says, "It is difficult to judge whether it is of 
much functional importance, for while in some specimens it 
is clearly defined in others it is impossible to detect."
In the present investigation the presence of a ventral 
infundibular artery is a constant feature. It thus seems to 
have a functional significance, since it is related through
its branches with the neurosecretory fibres of the preoptico- 
hypophyseal tract in the ventral wall of the hypothalamus 
and forms a capillary plexus in the stalk region (pituitary 
stalk). In the stalk region the richly laden neurosecretory 
fibres of the preoptico-hypophyseal tract remain associated 
with the vascular plexus between the ring vessels and the 
ventral infundibular artery. The neurosecretory material may 
thus be picked up by the ventral infundibular artery and 
passed into the pituitary. It is therefore suggested that 
the stalk region of the pituitary in the minnow may perform 
the same function as the median eminence of higher vertebrates. 
It would then be easier for the chemical stimulants to reach 
the entire length of thé pro- and meso- adenohypophysis of 
the pituitary through the intrahypophyseal blood circulation.
Olivereau (1934a,b) gave a review of the intrahypophysial 
vascularisation which varies greatly in its development in 
different species. In the minnow this vascularisation is quite 
rich, as described for Cyprinôdontids (Follenius, 1960/*61) 
and Herichthys cyanoguttatus (Baker, 1962), and there is no 
direct arterial blood supply of the adenohypophysis, unlike 
the condition present in some other fish such as Rhodeus 
amarus ( Dudok de Wit & Bret schneider, 194-7) and Hippocampus 
(Da Lage, 1958). ^
According to Kerr (194-^, the neurohypophysis is poorly 
vascularised in Phoxinus laevis Ag. (now Phoxinus phoxinus.
L.), Blennius viviparus L. and Zoarces viviparus L.
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Olivereau (1954-a,b), reviewing the relative vascular 
richness, W  found the absence or almost so of the blood 
capillaries in the meta-adenohypophysis and the profuse blood 
supply of the neurohypophysis as a characteristic feature of 
the teleost pituitary.
The present investigation shows that in the minnow, at 
least, the neurohypophysis has a profuse vascularisation. It 
is of interest that the blood vessels, however small, always 
lie in the neurohypophysis and its many processes throughout 
the developmental stages and in the adult minnow. Very often 
one finds the blood vessels on the surface of the adenohypo­
physis lying within a thin connective tissue covering but they 
remaining connected with the intrahypophyseal blood vascular 
plexus, since many of the small processes of the neurohypo­
physis in th^eso- and more usually in the meta-adenohypo- 
physeal regions reach right on to the outer surface of the 
pituitary gland Figs. 23a, p./o3 & 41, p. 2/7 • Therefore,
on this basis, atleast in the minnow, all the parts of the 
adenohypophysis show a complete absence of the blood vessels. 
The blood supply of the adenohypophysis, therefore, depends 
on the ramification of the neurohypophysis Fig. 40, p. 2/? ,
and it is found progressively better developed as one passes 
from the pro- to the meta-adenohypophysis. Recently Follenius
Ax
& Porte (196^) have shown through electron microscopy that 
the blood vessels are embedded in the nervous tissue processes 
which invaginate into the adenohypophysis. It may be pointed
out that the profuse inter-digitation between the adeno- 
and the neurohypophysis (a characteristic of the pituitary 
gland of fish), atleast in the minnow, roughly corresponds 
with the intrahypophyseal vascularisation. Its primary and 
quite important function would be to help the diffusion of 
hormones from the neuro- into the adenohypophysis. Similarly 
the hormones of the adenohypophysis could easily diffuse into 
the highly ramified neurohypophysis and subsequently into the 
blood vessels. The direct arterial supply of the pro-adeno­
hypophysis such as in Rhodeus amarus (Dudok de Wit and 
Bret schneider, 194-7) may be present in those fish where the 
ramification of the neurohypophysis is insufficient. Thus 
the neurohypophysis, in the minnow, has its own separate blood 
supply (like the neural lobe of higher vertebrates) which at 
the same time indirectly irrigates the entire adenohypophysis.
It is possible to conceive how the peripheral function 
in the terrestrial vertebrates made it necessary to evolve 
the neural lobe from the neurohypophysis of a fish-like 
ancestor by a gradual withdrawal of the ramifications of the 
neurohypophysis- the latter thus retaining its own separate 
blood supply. Such a change would then result in the develop­
ment of a median eminence from the anterior part of the 
infundibulum or the proximal part of the neurohypophysis or 
both. The consequent formation of a hypophyseal portal 
system between the median eminence and the adenohypophysis 
thus gives effect to the local function of stimulating the
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adenohypophysis.
Wingstrand (1959) has already stated that the median 
eminence and the neural lobe of the tetrapods have developed 
out of one functional system, a neurohypophysis in a fish­
like ancestor. However, Wingstrand (195^, 1956 and 1959) 
regards the neural lobe of tetrapods as being homologous with 
the saccus vasculosus of fishes on his studies of embryonic 
stages. On the basis of this homology it would be difficult 
to explain the shifting of the fibres of the preoptico- 
^ypop^yseal tract (most of which terminate in the fish 
neurohypophysis) to the neural lobe of higher forms if the 
latter is not a part of the neurohypophysis of a fish- like 
ancestor. On the other hand it would seem equally difficult 
to realise that in tetrapods a reduction of most of the fibres 
of the preoptico-hypophyseal tract of a fish- like ancestor 
has taken place thus leading to the termination of few fibres 
at the primary blood plexus of the median eminence.
Dudok de Wit and Bret schneider (194-7) described the 
venous blood supply of the meso- and meta-adenohypophysis in 
Rhodeus amarus by the peri- hypophyseal blood sinus. A some­
what similar condition is said to exist in the case of 
Herichthys cyanoguttatus (Baker, 1962). However, in the minnow 
the pituitary does not receive any venous blood excepting a 
very tiny blood vessel which enters it at its posterior end.
The entire intrahypophyseal vascularisation in the minnow 
derives its blood from the central longitudinal blood vessel
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with which it is connected. In this respect, in the minnow, 
the intrahypophyseal vascularisation shows an advance on the 
conditions seen in Rhodeus amarus (Dudok de Wit and Bretsch­
neider, 194-7) and Herichthys cyanoguttatus (Baker, 1962) since 
the possibility of venous blood passing through the pituitary 
is largely eliminated.
2 3  1
Part III
A. Effect of Hypophysectomy
Hypophysectomy has been performed in a number of fish 
to observe experimentally the relation which exists between 
the pituitary and its target organs and in the minnow (Phoxinus 
phoxinus L.) only to see its effects on the colour response 
(Pickford & Atz, 1957)* In the present work, hypophysectomy 
was performed through the buccal roof (Healey, 1948) during 
the months July - August, 1963. A small fragment consisting 
of the stalk region and a small part of the pituitary was 
always left after the operation. Other methods of hypophysec­
tomy (von Frisch (1911a) through the orbit, Kent (1960b) 
through the operculum and based on the method of Abramowitz 
(^1937)) were tried but the fish did not survive the operation 
very long.
After hypophysectomy the fish were kept on a white 
background in glass aquaria 13” x 8-J" x 8-J-" divided into 
four chambers by white perspex partitions with running water 
and an arrangement for proper aeration. The fish were not 
given a salt bath (3$ NaCl solution) after the operation 
since it caused discomfort and the animals broke the knot 
which tied the sublingual membrane with the front end of 
the lower jaw. There were many casualties but a few survived 
for long periods, the longest being 30 days. The observations 
in the present work are based only on two female fish which 
were killed after 28 and 35 days, fixed in Heidenhain's SUSA
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(Halmi, 1952) and stained by AF method (Dawson, 1955).
For a comparison, a few aquarium fish were kept in a glass 
aquarium separately under similar conditions and used as 
a control. Adequate sham-operated controls, however, were 
not used. (Circumstances unfortunately did not permit an 
investigation of more fish. The few results given here can 
only lead to tentative conclusions. An extension of this 
work is necessary).
A (1) Effect of hypophysectomy.on the nucleus preopticus
The effect of hypophysectomy on the hypothalamic nuclei 
in higher vertebrates including man has received considerable 
attention (Drager, 1950; Ortmann, 1954; Sloper, 1958) but 
the effect on the preoptic nucleus in fish is known only in 
Fundulus heteroclitus (Palay, 1953).
The effect of hypophysectomy is clearly noticeable in 
the two minnows (28 and 35 days). There is reduction of the 
neurosecretory material in the region of the nucleus preopticus 
as compared with that in the control (aquarium fish).
Specially significant is the fact that the cells of the nucleus 
preopticus are fewer in number (Fig. 42a, p. 2 37)* The 
cytoplasm is lightly stained with the AF-method in a few of 
them which are not much distorted and shrunk. Mostly, they 
become reduced in size and distorted and as such their 
processes (dendrites) are seen more prominently than in a 
normal cell (Figs. 42a,p.;Z37 ? 18b,p. 88 ). Their nuclei 
also become very much reduced in size and show a pyknotic 
condition but possess a more prominent nucleolus as compared
Fig. IfX - V.L.Section of the brain of the hypophysec-
tomiséd minnow (AF and Orange G., 10 x 8 mm.).
a. - Showing the region of the nucleus preopticus.
b. - Showing the preoptico-hypophyseal tract with
Herring bodies and the hyperaemic capillary
plexus of the ventral infundibular artery 
near it.
Abbreviations:
H.B - Herring body.
NPO - Nucleus preopticus.
TR.P.H - Preoptico-hypophyseal tract.
V.I.A - Ventral infundibular artery.
XB/f.
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235
to that of a normal cell (Figs. 5b,p. 3.3 ; 42a,p. 3 3 7 ).
The preoptico-hypophyseal tract is visible towards the 
stalk region whereas in the more proximal part it is hardly 
visible. Towards the stalk the fibres show a fibrillary 
arrangement and there is an accumulation of neurosecretory 
material. Typical Herring bodies are also seen in this region 
(Fig. 42b, p. 33V )• the stalk region (Fig. 5a,p. 23 )
also (left over after operation and not seen attached to the 
brain in Fig. 42a,p.23V ), there is a rich accumulation of 
neurosecretory material. Another notable feature is the 
dilation of the capillary plexus of the ventral infundibular 
artery in the vicinity of the neurosecretory fibres of the 
preoptico-hypophyseal tract (Fig. 42b, p. 234- )•
The effect of hypophysectomy in the minnow clearly 
indicates that the axons of the preoptic nuclei pass down 
to the neurohypophysis. It seems that the adverse effects 
on the nucleus preopticus following operational interruption 
of the preoptico-hypophyseal tract may take some time, as in 
the fish surviving only for two weeks no such effects are 
seen. It appears that these cells become hyperactive in the 
beginning, releasing their cytoplasmic contents more and more 
till they are completely exhausted. The presence of Herring 
bodies in the stalk region and proximal to it strongly 
suggests the accumulation of neurosecretion due to initial 
hyperactivity of these cells following hypophysectomy. Such 
an accumulation of the neurosecretory substance on the tract 
(Fig. 42b, p. 33V ) would strongly support the 'transport
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hypothesis* of Bargmann & Scharrer (1954) (see p. ).
The lack of differentiation of the proximal part of the tract, 
near the optic nerve, also adds support to this hypothesis 
that the neurosecretory material has passed down the axons 
and accumulated in the distal part of the tract.
Associated with the tract in its distal part are blood 
vessels (the vascular plexus of the ventral infundibular 
artery, see pp.9^^134) showing hyperaemia i.e. the blood vessels 
are enlarged and filled with red cells (Fig. 42b, p. 237 )• 
This condition, according to Arvy (in Jones, 4956), seems 
to be correlated with the rapid migration of neurosecretory 
material from the preoptic nuclei to the neurohypophysis.
Thus, from Arvy*s point of view, it seems that after hypo­
physectomy there is a rapid accumulation of neurosecretory 
material in the distal part of the tract which causes the 
capillary plexus in this region to become turgid and so 
increases the area for picking up more neurosecretory 
material. But another important possibility, which seems 
more likely, is that following hypophysectomy the normal 
flow of the ventral infundibular artery is checked, resulting 
in the hyperaemic condition of the blood capillaries.
The effect of hypophysectomy thus seems to be irreversi­
ble and quite similar to the effect of lesions in the 
preoptico-hypophyseal tract (HiId & Zetler, 4953; Kobayashi 
et al., 4959) with the only difference that the interruption 
of fibres due to hypophysectomy is of a more severe nature 
than in the surgical lesion of the tract. The severity of
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the interruption of the axons results in the final shrinkage 
of the cells and degeneration, since the functional aspect 
of the cells is curbed by the operation.
If, on the other hand, the interruption of the neurosecre­
tory axons follows the law of neuronal reaction, the degenera­
tion which is apparent in the cell region of the nucleus 
preopticus would also be reflected in the distal part of the 
tract. The intact strongly AF +ve fibres of the tract and 
the accumulation of the neurosecretion and Herring bodies, 
proximal to the stalk, is much against the idea of neuronal 
reaction.
Thus in the minnow, the effect of hypophysectomy on the 
nucleus preopticus not only confirms the results of Palay 
(4953) in Fundulus heteroclitus but also seems to support 
strongly the concept underlying the 'transport hypothesis* 
that the neurosecretory material is elaborated in the 
perikaryon and passed along the axon with the axoplasmic 
flow to the storage organ in the pituitary.
A (2) Effect of hypophysectomy on the pineal organ
Hypertrophy in the pituitary resulting from pinealectomy 
is known in fish (Pickford & Atz, 1957)1 but the effect of 
hypophysectomy on the pineal organ have not been studied.
In the minnow , such effects are described and discussed on 
pp. . It may be added here that the effect of hypophy-*i
sectomy on the pineal organ is more pronounced but similar 
to the effect in blind fish (in constant light or darkness) 
and even in the sighted fish (in darkness) at 18-19^0 (see
Fig. 73 - Sections of ovary of the minnow (Azan).
a.& b. - Showing the post-ovulatory follicle 
and formation of oogonia and primary 
oocytes from the thickened granulosa 
layer of the post-ovulatory follicle 
(July-August river fish, 10 x 35 mm., 
and 10 X 16 mm. respectively).
C.& d. - Showing the primary oocytes (in c.) 
and the two oogonia (recognised by 
their nuclei, 6 - 6.3yU in diameter) 
lying inside a single cell (in d.).
The latter appears to indicate the last 
phase in the division of the oogonium 
(hypophysectomised fish, 10 x 2 mm.).
Abbreviations :
OG - Oogonium.
P.O - Primary oocyte.
PO.F - Postovulatory follicle.
PO\F
a.
1 mm.
t
f i g . 43.
Fig. 77 - Sections of ovary of the minnow (Azan, 10x33 mm.
a.- August river-fish, showing pre-ovulatory 
corpora lutea = corpora atretica (PR.C.L) 
which are many.
b.- Aquarium fish - Control, showing corpora 
lutea (pre-ovulatory) = corpora atretica, 
which are few in number.
c.- Hypophysectomised fish in which the pre­
ovulatory corpora lutea = corpora atretica 
are hardly seen.
PR C L.
2 f /
PR.C.L.
X # # #
O'S mm.
1
PR.C.L.
0 5 mm
PP* 3.9 )• It seems then, that the change in the pineal
resulting from hypophysectomy is also brought about by the 
non-functioning of the eyes at this temperature. This 
indicates a possible antagonistic relation between the 
pituitary and the pineal organ. Such antagonism is clearly 
seen in the effect of hypophysectomy (with the resulting 
very much folded pineal organ) and that of the very much 
folded pineal organ (under experimental conditions of the 
non-functioning of the eyes at 18-19^C, Table 1b, p. 52. )
on the ovary. The effect is the same in them, being more 
severe in case of the hypophysectomised fish ( p p . 2 V . 2 - 2 Q 3 . 
A (3) Effect of hypophysectomy on the ovary
The effect of hypophysectomy on the gonads is known in 
a number of fish (Pickford & Atz, 1937)* In the present 
work the hypophysectomised minnows on which observations 
were based had been collected in July after spawning. The 
results are consistent with effects already known in other 
fish.
The ovary becomes reduced in size as compared to the 
ovary of the control (aquarium fish) and that of the river 
fish for August 1963. Secondly, the number of large eggs 
is much reduced. Mostly the eggs are fully grown primary 
oocytes or the earlier stages. Sometimes oogonia are seen 
(Pig. 43d, p.237 ) in a dividing stage (nuclear diameter 
is 6 - 6.3yii), a condition which is not frequently observed. 
Specially significant is the fact that the preovulatory 
corpora lutea (= corpora atretica, see p.^96 ) are rare in
the hypophysectomised fish (Fig. 44c, p. 24/ )• Compared
to this, the ovary of the control (aquarium fish) contains 
larger eggs and a few preovulatory corpora lutea (Fig. 44b, 
p. 29/ )• On the other hand, the ovary of the river fish 
for August contains more large eggs and a larger number of 
oogonia besides a larger number of corpora lutea (preovula­
tory) (Fig. 44a, p. 29/ )• The corpora lutea (= corpora 
atretica) were not described in the ovary of the minnow by 
Bullough (1939).
Examination of the monthly series of ovaries for a 
whole year, shows that in July-August there is a large 
number of degenerating postovulatory follicles (Fig. 43a,p.a3^)« 
Out of these a few might give rise to the post-ovulatory 
corpore^utea. However, in the majority of those which lie 
along the outer surface of the ovary and open to the outside, 
the epithelial lining which formed the granulosa layer of the 
ovarian follicle becomes very much thickened (Fig. 43a,p.23^ ). 
This thickened layer proliferates new oogonia (Fig. 43b, p. a a, V ) ? 
the latter soon growing and seeming to divide to form the 
primary oocytes. Thus the stage of oogonia in division is 
not easily seen. It seems possible that in a normal fish 
such a stage is passed through very quickly (Bullough, 1939), 
but in the hypophysectomised fish, in the absence of FSH, 
the stage is retained. This study also makes it clear that 
the formation of the preovulatory corpora lutea starts some 
time towards the end of July or in early August following 
spawning when ovulation of some of the mature eggs has not
occurred. The corpus luteum formation seems to take place 
in accordance with the apparently typical teleostean pattern 
described for Rhodeus amarus (Bretschneider & Duyvene de Wit,
1947). The vitelline membrane breaks and the cells of the 
outer granulosa layer pervade it. The granulosa cells 
multiply and cause further phagocytosis of yolk. In some 
cases only a colloidal liquid is found inside the follicular 
space while in others with incomplete phagocytosis and 
secretion, some yolk granules are seen sparsely floating in 
the luteal fluid of the follicular cavity. The corpora lutea 
are seen in the ovary till the end of September. In October- 
November these preovulatory corpora lutea are extremely rare. 
They then degenerate and reappear only when the spawning is 
over.
From the periodic appearance of the corpora lutea 
(preovulatory) in the postspawning period it seems very likely 
that they may possibly act as endocrine organs by activating 
the hypothalamus-pituitary axis through their secretion and 
forming new oogonia, thus helping in the partial rebuilding 
of the ovary. As described before (see p.//V ), the cells of
the nucleus preopticus show secretory activity (NPO-activity)
in August. Thus FSH may be released and stimulate the
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granulosa layer of the postovulatory follicle and the outer 
germinal epithelium to proliferate and give rise to new 
oogonia. Possibly in the minnow, as well as in other lower 
vertebrates, the postovulatorycorpora lutea comparable to 
those of mammals are less frequent because there is an
enormous number of eggs maturing and ovulating simultaneously. 
Also, numerous mature eggs are always left behind in the 
ovary and form the preovulatory corpora lutea, as described 
above in the minnow, taking up probably an endocrine role.
As such, the postovulatory follicles either degenerate, as 
usually happens, or they seem to take up a different function, 
participating in formation of the new oogonia. Postovulatory 
corpora lutea are rarely found.
As already described (see p. 28 ), there seems to be a 
relation between the pituitary and the state of the eyes at 
a higher temperature i.e. 18-19°C. 'This relationship is 
further noticeable on a comparison of the condition of the 
ovary of a hypophysectomised fish (pineal is very much folded) 
with that of the fish belonging to groups A, E and (3 out of 3) 
of group F (pineal is very much folded) (p. )• While
preovulatory corpora lutea (= corpora atretica, see p. 2 4Z ) 
are rare or absent in the hypophysectomised fish (indicating 
the oolysis and degeneration of the secondary oocytes or 
mature ova after passing through the stage of corpora atretica, 
thus showing an antagonistic reaction of the very much folded 
pineal organ to that of the pituitary) as compared to the 
ovary of the control (aquarium fish) and that of the August 
river fish, the condition of the ovary present in the fish 
belonging to groups A, E and F (Table 1b,p. 2>Z ) is the same 
(as in the hypophysectomised fish) except that the degenerating 
effect is brought about more rapidly in the former than in 
the latter. The presence of corpora atretica in the ovaries
of fish belonging to groups A, E and F in June, as compared to 
that of fish belonging to groups B and D, is striking (Table 
4b, p. 32. )(All these groups of fishes were collected at the 
beginning of April, at which time of the year corpora atretica 
are not present in the ovary). The presence of corpora atretica 
in fish belonging to groups A, E and F in June indicates the 
regressive phase of the ovary as a result of oolysis and 
degeneration of secondary oocytes and mature ova. However, 
they (corpora atretica) may also have a possible endocrine 
function as already described (p. 277 ). The term 'corpora 
atretica* used for the secondary oocytes and mature ova 
undergoing oolysis and degeneration seems more justified 
than the term 'corpora lutea*.
The fact that the corpora lutea (= corpora atretica) 
disappear rapidly and are absent in the ovary after hypophy­
sectomy shows that their possible endocrine function is no 
more needed to activate the damaged hypothalamus-pituitary 
axis and that the LH responsible for their proper functioning 
is lacking. Absence of FSH may explain why the growth of the 
ovary and the oocytes is retarded in the ovary of hypophy­
sectomised fish. Thus, as in other fish, it seems that in 
the minnow the pituitary is necessary for the proper function­
ing of the gonad (ovary).
A (4) Morphology and vascularisation of the thyroid gland 
of the minnow and the effects of hypophysectomy 
Introduction
The thyroid gland of a teleost fish is made up of a large 
number of follicles. They may be enclosed as a compact 
structure, e.g. Sarda sp. (Gudernatsch, 1914), Thunnus thynnus, 
Histiophorus orientalis and the two species of Seriola (Honma, 
a, b, c), and ophiocephalids (Swarup & Belsare, 4959); or they 
may form a loosely compact structure, e.g. Xiphias gladius 
(Addison & Richter,1932), Galeichthys felis (Fowler, 1942), 
Gymnarchus niloticus (Thomopoulos, 1950) and sparids (Matthews,
1948). In most other teleosts, e.g. Atlantic Salmon (Hoar, 
1939), Salmo salar (Olivereau, 1954a, b), Tribolodon hakonensis 
taezanowskii (Honma, 1958) et al., the follicles are widely 
scattered or lie in groups consisting of separate and indepen­
dent follicles without an outer capsule-like covering. 
Morphology
The thyroid gland of the minnow consists of a large number 
of separate follicles lying close to one another (Barrington & 
Matty, 1954). Fortune (1955) describes the follicles as lying 
between the first and second gill arches. In the present 
study it appears that in the minnnow the follicles form two 
groups, the anterior which lies in front of the first gill 
arch and the posterior which lies between the first and second 
gill arches or, more correctly, between the origin of the 
first and second pair of a afferent branchial arteries.
The follicles become differentiated very early in the 
development of a number of teleosts, e.g. Herichthys 
cyanoguttatus (Baker, 1962). In the minnow also they become 
fully differentiated in fry 1.5 cm. in length (stained by the 
AF method), much before the cells of the nucleus preopticus 
and the basophils of the meso-adenohypophysis are AF +ve.
The follicles increase in number with the age of the animal 
and in the adult are so numerous that they are intermingled 
and form a highly complex structure. For this reason a 
fingerling 5.2 cm. in length was selected for the graphic 
reconstruction of the follicles to show their disposition in 
relation to the ventral aorta (Fig. p.25"<^ >). This rela­
tionship continues unchanged until the adult stage excepting 
for some variability with regard to number, size and length 
of follicles. In the adult, however, some of the follicles 
lie even ventral to the ventral aorta, although with the 
exception of one or two follicles, they never extend beyond 
the limit of origin of the second pair of afferent branchial 
arteries.
The follicles are made up of an epithelial wall, one 
cell thick, surrounded by connective tissue and blood vessels 
(Fig. 1 p.Æ^-é ). They are mostly tubular with circular 
cross section but a few of them present a saucer-shaped 
appearance. Some follicles are extremely long and are 
connected with one another. Generally they lie pressed
249
Fig.7 ^ - Showing the disposition of the thyroid 
follicles of the 5.2 cm. long minnow in 
relation to the ventral aorta in a ventral 
view. Based on a graphical reconstruction 
from serial transverse sections.
Abbreviations:
A.V.A - Anterior extension of the ventral aorta. 
AF.Bxj - First afferent branchial artery.
TH.Fyj & TH.F^ - Anterior and posterior groups of
the thyroid follicles.
V.A - Ventral aorta.
A.VA. TH.F,
V.At AF. B
' \
-.%;
I
-TH.F.
FIG. 45
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together with blood vessels in between them, thus giving a 
compact appearance, but follicles lying independently are also 
frequently seen (Fig. 45, p. . Variation in their number,
size and length is common from one individual to another but 
despite this and irregular arrangement, the follicles exhibit 
an inherent symmetrical distribution in relation to the 
ventral aorta. In the region of the ventral aorta where the 
first pair of afferent branchial arteries arises, the number 
of follicles is reduced to a bare minimum and there is thus a 
small clear area. Anteriorly, the follicles are again 
numerous and lie dorsal to the anterior median extension of 
the ventral aorta. The position of the anterior group of 
follicles remains the same in relation to the posterior group 
eyen in the adult fish.
The heightt of the cells in the epithelium of the anterior 
group of follicles is more pronounced than in the posterior 
group. A few follicles of the anterior group are the largest 
in the gland and present a saucer-shaped appearance. Sometimes 
as many as three follicles lie one above the other in the 
region dorsal to the anterior median extension of the ventral 
aorta, and thus form a rich bed of follicles, along with blood 
sinuses and capillaries. Since this anterior group of folli­
cles is well defined in the minnow, it may be easily selected 
for the study of thyroid activity by histological methods, 
both in seasonal and experimental changes. The most anterior 
l^ollicles of the anterior group lie between the two anterior
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extensions of the urohyal bone (Fig. 27a, p. /3 5" ) otherwise 
the remaining follicles of this group are situated dorsal and 
dorso-lateral to the ventral aorta.
The colloidal substance frequently shows réfringent 
bodies towards the peripheral part of the follicles. With 
Azan staining technique, the colloid stains both blue and red 
in the early stages and Azan-red or blue in the adults, 
depending on the time of the year. It is also AF +ve. Many 
workers (Gudernatsch, I9II, Fasquin, 1949) have described the 
presence of erythrocytes in the thyroid follicles of teleost 
fish. In the minnow they are extremely few or absent in the 
follicles, as in Salmon (Hoar, 1939)*
Vascular supply
The thyroid follicles are associated with the branches 
of the inferior jugular veins which open behind in the sinus 
venosus. In front of the anterior group of follicles the 
inj’erior jugular vein is single and lies in the middle, 
ventral to the two anterior extensions of the urohyal. During 
its backward course, the inferior jugular vein passes between 
the extensions of the urohyal bone and comes to lie dorsal to 
the most anterior follicles of the anterior group. It then 
receives a number of branches which are closely associated 
with the thyroid follicles. Further backwards, the branches 
join to form two main vessels, the inferior jugular veins 
which lie one on either side, somewhat ventrally to the 
ventral aorta. Posteriorly, the inferior jugular veins move 
dorsalwards and come to lie in the mid-line dorsal to the
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ventral aorta. They receive branches throughout their back­
ward course and finally open into the sinus venosus. The 
inferior jugular vein of the right side is usually the larger 
of the two. In some places the wall separating the follicle 
and the branch of the inferior jugular vein is extremely thin 
or apparently absent, so that diffusion of substances could 
take place in either direction easily (Fig. 27b, p. /35" ).
The thyroid arteries are not seen in the minnow. However, at 
3.2 cm. length the follicles are closely associated with the 
anterior median extension of the ventral aorta (Fig. 27b, p. 
135'). Excepting in this region, the follicles are intimately 
associated with the interior jugular veins and their 
affluents only.
According to Hoar (1939) and Olivereau (1954a, b), in 
the salmon, there is a close association of the thyroid tissue 
with the lymphatic channels and the thyroid arteries are 
absent. The condition present in the minnow is similar to 
that in the salmon in that thyroid arteries are absent but 
the thyroid tissue is closely associated with blood vessels 
which join the inferior jugular veins and drain the tissue, 
as in Periophthalmus (Grasse^, 1958). Hoar (1939) considers 
that the presence of large number of erythrocytes within the 
lymphatic channels is a result of head injuries in the large 
individuals due to the method of killing. This might force 
more than the normal number of erythrocytes into the lymph 
vessels. In the minnow, the number of erythrocytes present 
in the blood channels is always enormous. This applies even
when the fish are placed directly in alcoholic Bouin fixative
which has a very fast penetrating property so that there is
no possibility of erythrocytes rushing into the blood channels.
Effects of hypophysectomy on the thyroid gland
The histological preparations of the lower jaw of the two
hypophysectomised fish were cut at 5 yU and stained with
Heidenhain's Azan.
The epithelium of the follicles is extremely shortened
in height and at certain places the cells are almost indistin­
guishable due to their flattened condition. The colloid 
present inside the follicle is distinctly separated from the 
epithelial lining (Eig.^/ét. p. . In unoperated fish kept
in the aquarium for comparison, p. 535/ i (aquarium fish), the
epithelim is easily recognised by its cell height, which is 
/C
better developed than in the hypophysectomised fish (Fig-J46a.^C 
p.2.5"6). In the river fish (7th August), the cell height of 
the follicular epithelium is much more pronounced (Fig. ^  
P*55“4) than in the unoperated aquarium fish, a condition which 
is normally to be expected in the month of August after the 
close of the spawning period (Fortune, 1955)*
The réfringent bodies are abundantly present in the 
colloid towards the periphery in the river fish (for August) 
less so in the unoperated aquarium fish but not found in the 
hypophysectomised fish or, if present, extremely scanty. On 
the other hand, the number of erythrocytes present in the 
colloid is more in the hypophysectomised fish, fewer in the 
control (unoperated aquarium fish kept under similar conditions
Fig. - Transverse sections of lower jaw of the 
minnow# to show the thyroid follicles 
(Azan, 10 x 16 mm.).
a.- Aquarium fish used as a control for the 
tiypophysectomised fish.
b.- August river fish.
c.- Hypophysectomised fish.
d.- Gonadectomised fish.
e.- Aquarium fish used as a control for the 
gonadectomised fish.
p a
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as the hypophysectomised fish p . ), and practically nil 
in the river fish for the month of August.
Discussion
The effect of hypophysectomy on the thyroid gland of the 
minnow conforms to the effect known for teleost fish such as 
Gobius paganellus (Vivien, 1941) and Fundulus heteroclitus 
(Pickford (1953), thus confirming a pituitary-thyroid rela­
tionship through a feed-back mechanism.
As in the higher vertebrates, e.g. rat (Purves & Griesbach, 
1951a, b), so also in fish such as Astyanax (Atz, 1953), the 
minnow (Barrington & Matty, 1955) and Rutilus rutilus (Matty & 
Matty, 1959), it has been shown experimentally through chemical 
thyroidectomy that some of the basophils in the meso-adenohy- 
pophysis are affected and show hyperactivity in the form of 
degranulation and vacuolisation. Such basophils have been 
identified as the thyrotroph cells. With the identification 
of these cells in the pituitary of the minnow already known 
(Barrington & Matty, 1955), the somewhat flattened epithelium 
of the thyroid tissue of the two hypophysectomised minnows 
seems to indicate that, after long periods of operation, there 
is a considerable reduction or complete disappearance of 
thyrotropin from circulation. This artificially created 
imbalance of tropin hormone affects the proper functioning of 
the feed-back mechanism. As a result of the lack of stimula­
tion, the thyroxine synthesis by the epithelial cells of the 
thyroid follicles is adversely affected and the follicles pass
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into the resting stage. The latter is reflected by the decrea-J 
se in the height of the follicular epithelium. The process 
of separation of the colloid from the follicular epithelium 
in the two hypophysectomised minnows appears to be the result 
of the reduction of the epithelial height.
The réfringent bodies are abundant in the colloid in the 
river fish (for August as also for the period February-April) 
fewer in number in the unoperated aquarium fish, and extremely 
scanty or absent in the hypophysectomised fish (also in the 
gonadectomised fish, see p. XGS' ). It is of interest that 
the abundance of the réfringent bodies is inversely propor­
tional to the number of erythrocytes present in the colloid 
of these fish. This relationship suggests that the réfringent 
bodies, which may represent the liquefaction of the colloid, 
are formed as a result of activity on^the part of the folli­
cular epithelial cells with which they are mostly associated. 
The presence of erythrocytes in the colloid, on the other hand, 
is possibly due to the relatively inactive state of the thyroid 
follicles. The consequent loosening of the epithelial wall 
might not withstand the entry of the erythrocytes into the 
colloid from the ôurrounding blood vessels.
In spite of the changes following hypophysectomy, the 
total volume of the thyroid tissue in the minnow does not 
diminish appreciably even 35 days after the operation. As 
pointed out by D' Angelo (1955) in rodents, it seems that also 
in the minnow the thyroid continues to function in the 
absence of the pituitary at a quantitatively reduced level.
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The staining reaction of the colloid in a hypophysec­
tomised minnow agrees with the findings of Dempsey (1949) 
i.e. staining red by the Azan method. The colloid of the 
unoperated aquarium fish and the river fish for August also 
stains red and dull red respectively by the Azan method, 
whereas the colloid in the fish for the period February to 
April stains light blue by the same method. These observa­
tions confirm the findings of Pickford (1953) for Fundulus 
that the colloid is dilute (indicating liquefaction) in 
spring and viscid in autumn.
To sum up, the present observations indicate that the 
effect of hypophysectomy on the thyroid gland of the minnow 
is a reduction in the cell height of the follicular epithelium 
and its separation from the colloid, a decrease in the number 
of réfringent bodies and a proportionate increase in the 
number of erythrocytes inside the colloid. These effects of 
hypophysectomy in the minnow would support the principle of 
a feed-back mechanism between the pituitary and the thyroid 
gland and would corroborate the presence of the thyrotroph 
cells in the meso-adenohypophysis of the pituitary. The 
observations, however, are based on the study of only two 
hypophysectomised fish. They point to a possible situation 
in the animal but are to be treated as tentative until 
larger numbers of hypophysectomised fish with proper controls 
(sham-operated) can be examined.
B. Effect of gonadectomy on the pineal organ, nucleus 
preopticus, pituitary and thyroid gland
Mat's rial and methods
Fish used for gonadectomy were collected in June 1965* 
Gonadectomy was performed as follows: the animal was anaesthe­
tised in 0 .5% urethane. It was laid on its side on the 
operating table with its head pointing forwards. The lower 
jaw was tagged with a hook in such a way that the head of the 
fish could be pulled into a broad funnel-shaped end of a tube. 
Through the tube tap water or 0.25% urethane could be run in 
the manner required during the operation. Young's Ringer was 
run out in a fine jet on the site of the operation. The 
operating table was inclined forward so that the urethane 
coming out through the tube and the opercular cavity of the 
fish could not come in contact with the site of operation 
(Healey, 1948). The peritoneal cavity was opened by a 1-1.25 
cm. incision along the side wall starting from a place where 
the pelvic fins are inserted in the body wall. Through the 
slit-like opening the gonad (ovary) was easily taken out, 
making sure that all was removed. After washing the cavity 
with Ringer the wound was sutured and a mixture of olive oil 
and Vaseline (1:3) was then applied to help in healing, von 
Frisch & Stetter, (1932). The whole operation was completed 
in about 10 mins. and the fish was placed on a black back­
ground in a glass aquarium (similar to those used for hypo­
physectomised fish) in semi-darkness (i.e. covered by a thick 
cloth) at a varying temperature. There was a high mortality
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rate but a few survived well when the water temperature became 
low. They were fed on minced beef heart, stabilised wheat 
germ C ’Bemax’*) and some dried daphnia and ant eggs, as were 
the hypophysectomised fish. Three fish were killed and fixed 
31, 53 and 208 days after operation (1st July), the last one 
being fixed on 24 th February with other fish (Table I ck j p.31 
y ^ p. 569 ) for comparison. The wound healed completely in 
every case. The ovary had somewhat regenerated at the 
anterior end. Unoperated fish were also placed along with 
the gonadectomised fish (of course, separated by perforated 
perspex partition) for comparison.
Effect of gonadectomy on the pineal organ
Nothing is known regarding this effect in fish. 
Gonadectomy seems to have no effect on the structure of the 
pineal organ in the minnow. The results of the operation are 
described and discussed on pp. . Although a functional
relationship seems to exist between the pineal and the gonad 
(see p. 2.4 5^ ) this appears to be one-sided in the minnow, 
unlike the feed-back mechanism between the pituitary and its 
target organs.
Effect of gonadectomy on the nucleus preopticus
This effect is not very noticeable in the 31 and 53 days 
operated fish. But in the 208 days gonadectomised fish the 
cells of the nucleus preopticus show marked changes: (1)
lightly AF +ve cells with nuclei small in diameter as compared
fish
to the/placed in the same aquarium and used as control in
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which cells are AF +ve with normal diameter of the nuclei;
(2) The neuro-secretory substance is comparatively scanty in
the operated fish; (3) The NPO-activity (as determined for the
•)
seasonal changes in the nucleus preopticus; see p. 113 ), is
very low (2) as compared to that of the control (54). (4) The
amount of neurosecretion present all along the preoptico- 
hypophyseal tract appears to be the same in both operated fish 
and the unoperated aquarium fish, there being a rich accumula­
tion of neurosecretory material in the neurohypophysis and 
stalk region. (5) There are a number of Herring bodies in the 
stalk region in both operated fish and the unoperated aquarium 
fish but in the former they are even present on the tract
proximal to the stalk.
Gonadectomy seems to stimulate and cause an initial hyper­
activity of the nucleus preopticus in the elaboration of the 
neurosecretory material. The initial hypertrophy is followed 
by a gradual depletion of the neurosecretory material in the 
nucleus preopticus in the absence of stimulation from the 
gonad for a long period. The appearance of the preoptico- 
hypophyseal tract showing accumulation of neurosecretory 
material (much greater in the operated fish as seen by the 
larger number of Herring bodies) indicates a condition similar 
to thatpresent during winter (p. /2-7 ) when neurosecretory
material is not much released to stimulate the gonad (here it 
is absent in the gonadectomised fish) through the secretion 
of gonadotropin.
Effect of gonadectomy on the pituitary
Gonadectomy is known in a large number of higher verte­
brates , especially mammals to result in the occurrance of 
'castration cells' in the anterior lobe of the pituitary 
(Purves 8c Griesbach, 1955). In fish, also, such cells have 
been demonstrated by Atz (1953) in the pituitary of specimens 
of Astyanax which were physiologically castrates and by Sokol 
possibly in Lebistes (Pickford & Atz, 1957).
In the present work on the minnow such 'castration cells' 
or vacuolated basophils are not seen in the pituitary by the 
AF method (Dawson, 1953) in any of the three gonadectomised 
fish. Perhaps the time at which they would appear in the 
minnow after gonadectomy is not included in any of the three 
fish examined. However, the basophils in the 208 days gonadec­
tomised fish possess larger secretory globules than are in the 
unoperated aquarium fish. In the operated fish the cytoplasm 
is lightly AF +ve and the globules are distinct, but in the 
unoperated aquarium fish the cytoplasm is intensely stained 
so that any globules present in it are hidden. The basophils 
in the unoperated aquarium fish are comparatively larger.
From the NPO-activity (see p. 5.6% ) it appears that
gonadal stimulation of the hypothalamus following castration 
lasts for a short period. As a consequence of this short 
neurosecretory activity of the hypothalamic nuclei, the baso­
phils become stimulated and secrete the gonadotropin which may 
be released in the first instance, but is followed by gradual 
accumulation to form large globules. Even in the unoperated
aquarium fish there is a low NPO-activity (54) as compared to 
that of a normal aquarium fish (240) kept under constant illu­
mination and varying temperature; fixed on the same day (Table 
7, S.No. 6, p.56^ ). The low NPO-activity in the unoperated 
aquarium fish seems to be due to other factors such as black 
background and semi-dark condition for a long time. Prom the 
strongly AP +ve appearance of the cytoplasm of the basophils 
in the unoperated aquarium fish it appears that they are 
receiving a stimulus from the hypothalamus. This stimulus 
seems lacking in the gonadectomised fish where the large 
globules are distinctly seen in a clear lightly stained cyto­
plasmic background of the basophils.
On the basis of these differences in the cytology of the 
pituitary and in their NPO-activity of the gonadectomised and 
unoperated aquarium fish it appears possible that there exists 
a feed-back between gonad and pituitary by way of the hypo­
thalamus, as has been suggested to occur in higher vertebrates 
(Harris, 1952, 1955; Assenmacher, 1957a, b, c).
Effect of gonadectomy on the thyroid gland
The relation between thyroid function, activity and 
reproductive cycle is known in a number of fish (Pickford & 
Atz, 1957). In the minnow also it is known from the work of 
Barrington and Matty (1954) and Fortune (1955). Barrington 
and Matty have shown that treatment with antithyroid drug in 
the minnow causes sexual retardation. But the effect of 
gonadectomy on the thyroid is not known in fish. Such an 
effect is studied in one gonadectomised fish (208 days) in
the present work on the minnow. More such fish must be 
studied to confirm the results.
The epithelium of the thyroid follicles in the gonadec­
tomised fish presents a flattened appearance different from 
that in the unoperated aquarium fish placed along with the 
operated fish on a black background and in semi-darkness (Figs. 
46d, e; pp. A 5"6 ). In the unoperated fish also the cell
height of the follicular epithelium is diminished but this 
can be explained on the basis of a low NPO-activity in the 
fish. The réfringent bodies are very few or absent in the 
gonadectomised fish and are inversely proportional to the 
presence of red blood cells in the follicular colloid, unlike 
the condition present in the unoperated aquarium fish. The 
relationship between the réfringent bodies and the red cells 
in the gonadectomised fish suggests a possible role of 
réfringent bodies (indicating liquefaction of the colloid) 
in the thyroid activity and function in regard to the normal 
functioning of the gonad. The presence of red cells in the 
follicular colloid suggests a diminution of thyroid activity 
such as is found after hypophysectomy (p.2^4 )*
These observations indicate that gonad and thyroid may 
be in some way integrated with one another (possibly through 
the hypothalamus - pituitary axis), the one necessary for the 
proper functioning of the other.
To sum up, there are indications that gonadectomy in the 
minnow is followed by depression of the activity of the 
nucleus preopticus of the hypothalamus, of the AF +ve basophils
of the meso-adenohypophysis and of the thyroid gland, whereas 
the pineal organ appears to remain more or less unaffected. 
These results, however, are based on the study of only a few 
fish and more animals must be examined with careful controls 
before a quantitative assessment can be made.
G. Effect of light, temperature, darkness and background tint 
on the nucleus preopticus, pituitary and gonad of normal 
and blind fish
A few normal and one blind fish were placed under constant 
illumination in a white painted glass aquarium set for constant 
temperature 18^0. - 1^0. Some fish were placed in an adjacent 
white painted glass aquarium under constant illumination and 
the normal varying temperature and only one fish from this 
group was examined to serve as a fish for comparison against 
the effect of constant temperature (fish collected in October- 
November). In addition, fish two each from a black and white 
background respectively (aquarium stock tanks) were also exa­
mined (fish collected in August). Besides these, two fish, 
one blind and the other normal (placed together on a black 
background in darkness) were also studied. The details and 
the NPO-activity of these fish are shown in Table 7, p. 269 • 
They were fed three times a week on minced beef heart and in 
addition 'Bemax', dried daphnia and ant eggs were given once 
a week.
The present experimental work is an attempt of a preli­
minary nature to see whether external factors such as light, 
darkness, temperature and backgrounds affect the NPO-activity 
of the nucleus preopticus in correlation with the changes in 
the pituitary (basophils) and the gonads.
The effect of light, temperature and darkness on the 
pituitary and gonads of fish has been investigated (Pickford 
& Atz). According to Barrington (1960b) constant light and
2darkness (stress ?) stimulate the supposed gonadotrophs in 
the pituitary of the minnow. According to Builough (1939, 
1940), in the minnow, increased illumination speeds up the 
maturation of gonads while darkness delays it. Bullough also 
considered that there is an internal reproductive rhythm which 
is capable of acting even in the absence of these factors.
There is hardly any information regarding the effect of 
external factors (light, temperature and darkness) on the 
hypothalamic nuclei (the nucleus preopticus) in fish.
Similarly there is no information regarding the effect of 
background on the activity of the nucleus preopticus, pituitary 
and gonad.
As already described (see pp.ns-Zlf), there is strong 
evidence in support of correlation between the NPO-activity 
and the reproductive cycle. The NPO-activity in the normal 
fish (Nos. 1-4, Nov. to Feb.) and(^bMn<^the fish (Nos 5,
Dec. to March), kept in constant light and temperature 
(18°G i 1°G) is more or less the same (Table 7, p. 2 69 )•
This indicates that the response of the blind fish to light 
with regard to NPO-activity remains almost unaffected in the 
absence of the eyes. Also the general structure of the ovary 
in these normal and blind fish in constant light and tempera­
ture is the same with regard to the presence of preovulatory 
corpora lutea (= corpora atretica). Here it may be recalled 
that, on the other hand, the normal sighted fish on a white 
background in constant light and temperature (Group B, Table 
1b, p. 32/ ) differ from the blind fish (Group A, Table 1b,
Table No. 7 ,
S.No. Bish Account 
Period I963-'64-
Total length 
in cm.
Sex Const.Light & temp;. 
18°G ±1°C '• :
; Constant 
■■'.Light
"s'-
Darkness Normal
light
Temperature Black
Bk.gd.
White
Bk.gd.
NPO-Activity in 
Units
1 Normal Aq. fish 
1st Nov.-24th Beb.
7 . 4 Female + + 68
2 Normal Aq. fish 
1st Nov.-24th Peb.
7 .7 Female + 101
3 Normal Aq. fish 
28th Nov.-24th Feb.
7 .9 Female + 73
4. Normal Aq. fish 
28th Nov.-24th Feb.
8 . 5 Female + 65
5 Blind fish
9th Dec.- 7th March
7 . 5 Female 85
6 Normal Aq. fish 
28th Nov.-24th Feb.
8 . 7 Female 10°C + 240
? Normal Aq. fish 
2nd Sep.-15th Apr.
7 . 6 Male 12.5°C 202
8 Normal Aq. fish 
2nd Sep.-16th Apr.
8 Female 12.5°C 113
9 Normal Aq. fish 
2nd Sep.-16th Apr.
8.6 Female 12.5°C + 184
10 Normal Aq. fish 
2nd Sep.-16th Apr.
8 . 3 Male 12.5°C + 22
11 Blind fish
9th Dec.-7th March
7 .7 Female 4- 10.5°C + 15
12 Normal Aq. fish 
9th Dec.-7th March
8.8 Female r  : + 10.5°C + 26
— r*(-------- ■■■■■■ ■ "
Note : Jxru-Aciiivioy uiiiu means a cell of the nucleus preopticus 
(as seen in a section) containing atleast five (usually •■.“f-lt 
there arenany more) micro-droplets in the cytoplasm.
Bach micro-droplBt measures not more than O.OOO58 mm. 
in diameter. The presence of the micro-droplets has been 
taken to denote the active phase of the cell in the 
elaboration of the neurosecretory, material.
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p. 3 2. ) in the condition of their ovary and have no corpora 
atretica. The similar condition of the ovary in the fish 
(normal and blind) in constant light and temperature (Table 
7, p.26? ) and the dissimilar condition in the fish (normal 
and blind) in constant light and temperature (Table 1b, p.32 ) 
is probably due to the different periods in which the fish 
were collected for this experiment. The fish Nos. 1-5 (Table 
7, p.569 ) were collected in Oct.-Nov. and the persistence of 
corpora atretica in the ovary may be a prolongation of the 
spring condition. On the other hand, the groups of fish- 
A & B (Table 1b, p. 32. ) were collected in early April (when
corpora atretica are absent) and the presence of corpora 
atretica in the ovary of the blind fish (Group A), in constant 
light and temperature is probably due to the degenerating 
effect of the very much folded pineal organ (see pp.4«^ -5~o).
As compared to these fish in constant light and tempera­
ture, the fish _ (No. 6, Table 7, p. 2C9 ) in constant light and
uncontrolled temperature shows a very high NPO-activity (240) 
which is comparable to the NPO-activity of the river and 
aquarium fish in the month of February (Tables 2a &>(>-, pp  ^ ). 
The ovary of this fish shows a structure similar to that of a 
February-March aquarium fish and shows further resemblance in 
the presence of one or two corpora atretica in the entire 
section. (Normally the corpora atretica disappear by December- 
January in the river fish but persist even later, though rarely 
in the aquarium fish). From this observation it is suggested 
that light (even though constant) and a gradually rising lower
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temperature provide a more suitable condition in the minnow 
for the NPO-activity leading to the maturation of eggs as 
shown in the seasonal changes of the nucleus preopticus 
(see î>p.| 13" 115“) •
The general structure of the ovary, the presence of 
corpora atretica and the NPO-activity in the fish (Nos, 1-6 
Table 7, p. ), and the structure of ovary of fish in
Groups A & B (Table 1b, p. 3 2. ) would suggest that while
constant light and temperature will not favour formation of 
corpora atretica as seen in Group B (Table 1b, p. 3 2- ), these 
conditions would help in their persistence as seen in normal 
and blind fish Nos. 1-5 (Table 7, P* 269 ). The condition of 
the ovary in fish No. 6 (Table 7, P- 269 ) suggests that cons­
tant light and varying temperature causes the disintegration 
of the corpora atretica. Prom this it may be inferred that 
while constant light checks the formation of corpora atretica, 
constant higher temperature alone favours it (Group B, E & P; 
Table 1b, p. 32. )•
Compared to the normal fish No. 6 (Table 7, p . 2 6 9), in 
constant light and varying temperature, the ovary in normal 
fish (No. 12, Table 7, p. 2 69 ) kept in darkness and varying
temperature is much reduced, indicating degeneration. A few 
corpora atretica and a large number of scar-like atretica in 
their final stage of degeneration are present. Also, the 
NPO-activity in the latter fish is comparatively very low (26).
Compared to the normal fish in darkness and varying tem­
perature, the NPO-activity in the blind fish No. 11 (Table 7,
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Fig. - Sections of ovary of the minnow (Azan).
a. - August river fish, showing the presence
of a large number of pre-ovulatory corpora 
lutea = corpora atretica (PR.C.L), 10 x 53 mm.
b. - Ovary of fish kept in const ;. light and
varying temperature. Showing a few corpora 
lutea = corpora atretica (10 x 35 mm.).
c. - Ovary of fish kept in const, light and const.
temperature. Corpora lutea = corpora 
atretica many (10 x 53 mm.).
Note : Fish for Figs. b. & c. were fixed on 24th
February, 1964.
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P' 269 ), is similar (15). However, the corpora atretica are 
absent and the scar-like corpora atretica in their final stage 
of degeneration are relatively more. The fish Nos. 11 & 12, 
kept in darkness, show a condition similar to that in the 
Dec.-Jan. fish when the NPO-activity is low and the corpora 
atretica degenerate completely. Lack of light causes reduc­
tion of the ovary, thus confirming the findings of Bullough 
(1939, 1940).
There is, thus, some basis to assume the existence of an 
influence of external factors such as light, temperature and 
darkness in the integrated activity of the nucleus preopticus, 
pituitary (basophils in the meso-adenohypophysis) and gonad.
Strong evidence of a relationship in fish, between the 
NPO-activity and the condition of the gonad in relation to 
the background tints, is provided. The difference in NPO- 
activity in the female fish-Nos. 8 & 9, kept on a black and 
white backgrounds for a long time (Table 7, p. 2 69 ), from 
that of the aquarium fish for the same period - April (Table 
2a, p.Ilf ) may be explained because of the background effects, 
The male fish Nos. 7 & 10 (Table 7, p. ^ 69 ) on comparing the 
NPO-activity with the condition of their gonad (Pigs. 48 a,b, 
p. 216 ), provide the best evidence. The male fish on a
white background shows less prominent secondary sexual charac­
ters (especially the nuptial coloration) from the male fish on 
a black background, but in the former the gonad (testis) is 
more mature. In the fish on a white background the testis 
has passed through all stages of spermatogenesis whereas in
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Fig® if 8 - Sections of testes showing difference in
structure due to the effect of different 
backgrounds (Azan, 10 x 4 mm.).
a. - Section of testis of the minnow kept on
a white background from 2nd Sept.1963 to 
16th April, 1964.
b. - Section of testis of the minnow kept on
a black background from 2nd Sept.1963 to 
16th April, 1964.
Abbreviations :
I.T - Interstitial tissue.
P.G.G - Primary germ cell.
P.SPG - Primary spermatocyte.
SP - Spermatozoa.
SPG - Spermatogonia.
SPT - Spermatids.
S.SPG - Secondary spermatocyte.
s.SPC:
m
m -
RG.C.
P.SPC
OOSmm.
P.SPC.
t
RG-Cv
oSnvm/. S.SPC.
Fig. 4^  ^ - Sections of testes showing difference in
structure due to natural and aquarium 
conditions (Azan, 10 x 4 mm.).
a. . - Section of testis of the minnow collected
from the river on the 14th April, 1964.
b. - Section of testis of the minnow collected
from the aquarium on the 13th April, 1964.
Abbreviations :
P.G.G - Primary germ cell.
SP - Spermatozoa.
S.SPG - Secondary spermatocyte.
SPG - Spermatogonia.
SPT - Spermatids.
SPG:
P.G.C.
&
0
0. O'OSm-m,.
RG.C.
SP.
S.SPC
O'OS mm..
the fish on the black background the development has not gone 
beyond the secondary spermatocyte stage. Also the intersti­
tial tissue is better developed in the testis of fish on a 
black background as compared to that of the fish on a white 
background and this may explain the difference in the nuptial 
coloration. As a comparison with these fish, in the normal 
aquarium fish on a brown background (which is more natural and 
suitable for the minnow and least stressing), the testis (Fig. 
49b, p. 278 ) shows an advance over that of the fish on a white 
background, whereas in the river fish (14th April) the testis 
shows a condition (Fig. 49a, p. 2 78 ) of less development than 
that of the fish on a black background. (The NPO-activity 
in male fish, such as the river fish, for a similar period is
high and shown in Table 2a, p. //5" ).
«
The overhead illumination in the aquarium was switched 
on in the middle of January and some extra light was available 
to the fish on the white, black and brown backgrounds. In 
the male fish on white background, the NPO-activity is low (22) 
because the maturation phase of the gonad is almost over.
The basophils in this fish show patchy cytoplasm similar to 
vacuolisation. In the male fish on black background, where 
the complete maturation phase is not over, the NPO-activity 
is very high (202). Since the effect of background is related 
to light reaching the retina, the relative difference in the 
NPO-activity and the maturation phase of the gonad in the 
fish on white and black backgrounds porivd.es very strong 
evidence in favour of the intensity of light as a factor in
the regulation of the NPO-activity. The intensity of light 
reflected from the brown background appears best suited, in 
the minnow, for the maturation of the gonad because it is 
most close to the natural background. It is also true that 
the NPO-activity in the natural environment would be different 
from that in the aquarium and it possibly differs in the two 
sexes also. As suggested earlier (p. 125 ), in the study
of the seasonal changes in the nucleus preopticus, a study 
of each sex separately may be more profitable, since the 
gonads show differences in maturation in time.
The relationship between the NPO-activity and the 
maturation of the gonad seems to provide evidence that the 
nucleus preopticus, by way of the pituitary, controls the 
reproductive cycle in the minnow. These observations also 
justify the criterion chosen for the study of the seasonal 
changes in the activity of the nucleus preopticus.
ASUMMARY OF RESULTS
n
1. The morphology and histology of the pineal organ of the
minnow is described together with its blood vascularisation
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and its nerve connections (pp./6-^ l^ /^  ). The tractus-pinealis 
is connected with the right habenular ganglion. The two 
ganglia are connected with the interpeduncular ganglion by the 
habenulo-peduncular tracts in which there is no decussation.
The possible role of these nerve connections in the inhibition 
of melanophore aggregation by the pigmento-motor centre in the 
medulla oblongata is suggested (pp. 52»-5^).
2. The very much folded condition of the pineal organ of the
blind fish kept under constant conditions of illumination and
temperature strongly suggests its photosensitive nature (p.4<?)
The changes taking place in the pineal organ of the blind fish
and those kept in darkness at a constant temperature is
compared with the changes in the ovary; the condition of the
pineal organ, showing hyperactivity and hyperplasia, in the
hypophysectomised fish suggests the existence of an antagonism
between the pineal organ and the pituitary in relation to the
243-
gonad (pp. 5"/^ 242^ )^. It is suggested that the pineal organ 
becomes stimulated in the absence of functioning photoreceptive 
eyes (a condition present in blind fish and in fish kept in 
darkness).
3. The intraperitoiieal injection of a suspension of acetone- 
dried pineal organ in Young's Ringer does not elicit colour 
response in the minnow (p. SS’ )•
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4. The structure of the hypothalamus and its nucleus preopti­
cus is described in the minnow (pp.63 - The earliest
differentiation of the nucleus preopticus and the stainable 
material in the neurohypophysis and the pituitary stalk region 
coincides in time with the differentiation of the basophils in 
the meso-adenohypophysis and the cells in the infundibulum 
containing Gomori chrome-alum haematoxylin +ve granules, as 
seen by the AF method (Dawson, 1955; see pp. 2.2.^ ) •
5*(a)ln the cells of the nucleus preopticus, neurosecretory 
material is present as granules and as droplets of varying 
size. From their appearance in the cytoplasm it is suggested 
that the latter are formed by the agglomeration of the 
granules (pp.77^ liz^ l3^ .
(b) Among the droplets, the microdroplets (the earliest stage 
in the development of droplets) are recognised as indicating 
secretory activity on the part of the cells of the nucleus 
preopticus at that time of the year ) *
A cell of the nucleus preopticus (in section) containing 
at least five micro-droplets (usually many more), each with a 
diameter not more than 0.00058 mm. is regarded arbitrarily as 
representing one NPO-activity unit >^p.j/3-/l4 ). Justification 
of this criterion of cell activity is provided in the study 
of the seasonal changes in the nucleus preopticus and in the 
interpretation of the results of gonadectomy and of experiments 
under constant illumination, temperature, darkness and back­
ground tint (p./25^; p.242 ; PP.26^ -29o). The seasonal changes 
in the NPO-activity of the nucleus preopticus show a strong
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correlation with the reproductive cycle. The results indicate 
that in response to external stimuli the hypothalamus 
(nucleus preopticus) controls in the reproductive cycle in the 
minnow through the pituitary (p. 2 8 0 ).
(c) The droplets are never found outside the cell. They are 
seen occasionally inside the axons forming the proximal part 
of the preoptico-hypophyseal tract (Fig. 19a, p. ), 
indicating the transport of neurosecretory material (droplets) 
along the axon.
(d) The sequence of appearance of the neurosecretory material 
along the preoptico-hypophyseal tract strongly suggests the 
elaboration of the neurosecretory material in the perikaryon 
of the cells of the nucleus preopticus and its passage down 
the axons to the pituitary gland (p. Ilfif ). The synthesis 
and transport of the neurosecretory material is discussed
(pp. .
The distribution of neurosecretory material along the
,t
preopticohypophyseal tract is described. The peripheral 
arrangement of the neurosecretory material and its signifi­
cance with regard to transport by the blood vessels in the 
vicinity of the tract, is suggested (p. /4 2  ).
(e) The Herring bodies represent the swollen parts of the 
axon resulting from accumulation of the neurosecretory material* 
It is suggested that they may help in increasing the surface 
area for the release of neurosecretory material into circula­
tion (pp./36-/3»7).
(f) The neurohypophysis forms an interdigitation with the 
adenohypophysis and its finer branches reach the outer surface 
of the pituitary/ The blood vessels and capillaries always 
lie inside the neurohypophyseal processes (p. 22^). It is 
suggested that the purpose of the profuse interdigitation 
between the neurohypophysis and the adenohypophysis in the 
minnow is primarily to secure a better vascular relationship 
between them in the absence of a portal system (p. 2 2.5 ),
The neurosecretory fibres do not seem to be associated 
with the basophils of the meso-adenohypophysis, indicating 
absence of a nervous stimulation of these cells (p.loO ).
6. The blood supplies of the hypothalamus and of the nucleus 
preopticus are described from the early developmental stages 
to the adult (pp.20 -^2/2.). It is suggested that the ventral 
infundibular artery has a functional importance in picking up 
the neurosecretory material from the preoptico-hypophyseal 
tract.
A large accumulation of neurosecretory material and 
Herring bodies and the presence of a blood capillary plexus 
in the stalk region through which the neurosecretory fibres 
of the preoptico-hypophyseal tract pass strongly suggests that 
this region of the pituitary has a function analogous to that 
of the median eminence of higher vertebrate types (p. 22.6 ).
It is proposed that in the stalk region (pituitary stalk), in 
addition to parts of the neurohypophysis, biologically active 
principles (associated with the neurosecretory material)
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responsible for activating the gonadotrophs and thyrotrophs 
of the pituitary are released into circulation. This place 
would be best suited for release of the greater part of the 
hormone so that it may cover the whole length of the pro- and 
meso-adenohypophysis ( p. 2.2-6 )•
7 . In the supra-optic region some neurosecretory fibres of 
the preoptico-hypophyseal tract pass in between the intra- 
thalamic branches of the optic nerve. Such a close relation­
ship seems to be of significance in the important problem of 
the retina-pituitary relationship (pp./6”b-/5"/) . Such intra- 
thalamic branches of the optic nerve are not described in the 
available literature to date.
Similarly, the association of the neurosecretory fibres 
with the commissure transversa appears significant (pp./5“^-/iT/) •
8. Injection of synthetic oxytocin and of synthetic lysine 
vasopressin as well as of a suspension of acetone-dried 
hypothalamus containing preoptic nuclei and the neurosecretory 
material has no effect on the colour response in the minnow
)-
9 . The morphology and cytology of the pituitary gland are 
described and by the use of different staining methods it is 
possible to select seven types of cells in the adenohypophysis 
(p. 172. ).
10. The basophils present occasionally in the pro-adenohypo- 
physis may be similar to the basophils of the meso-adenohypo- 
physis (p.196 )'
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11. In the present study in the minnow it has not been 
possible to get tinctorial differentiation of two types of 
basophils (p.|4? ). Sometimes such a differentiation can
be shown by the AF method (Dawson, 1953) but its significance 
is not clear.
12. The meso-adenohypophysis of the pituitary shows seasonal 
cytological changes in the basophils with regard to the AF +ve 
granules and the globules ^ . 178-183), Apart from these changes, 
the seasonal changes in the maximum length (taken as the 
criterion) of the acidophils and basophils is correlated with 
the reproductive cycle. This criterion appears more promising 
than the other methods known >^p.2oo*2o() for such a study.
It is suggested that the increase in size of the pituitary 
of the minnow during the prespawning and postspawning periods 
results rather from the change in the size of the cells than 
from their increase in number ( p. ).
13. The hypothalamo-hypophyseal vascular relationship is 
described. The blood vascular supply of the pituitary is 
systemic, i.e., branches of the internal carotid artery supply 
the ventral part of the hypothalamus and pituitary. A vascular 
bed could not be seen above the stalk connecting the ring 
vessels of the two sides. Instead, the ring vessels are 
connected with the ventral infundibular artery above the stalk 
and with the ventral infundibular artery and with one another 
in the stalk region (pituitary stalk).
There is no venous supply to the pituitary excepting a 
tiny branch at the posterior end. There is no direct blood
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supply to the pro-adenohypophysis.
The intrahypophyseal blood vascularisation is well 
developed during the prespawning and postspawning periods
(pp.210^ Z2é).
14. It is suggested that the acidophil droplets present in 
the meta-adenohypophysis are associated with the melanophore 
aggregating hormone of the pituitary (p. ).
15* The effect of hypophysectomy clearly confirms that the 
axons of the preoptic nuclei pass down to the neurohypophysis. 
After severe operative interruption of the fibres, their 
trophic centres (the cell bodies of the nucleus preopticus) 
degenerate. The accumulation of the neurosecretory material 
in the stalk and proximal to it after hypophysectomy supports 
the 'transport hypothesis' (pp.22,5"-%36).
16. In the ovary of the hypophysectomised fish oogonia in a 
dividing stage are sometimes seen and their retention may be 
due to a lack of FSH (p. 243 ).
Preovulatory corpora lutea (corpora atretica) are hardly 
present in the hypophysectomised fish. It is suggested that 
this is due to the absence of LH (p. 2.4 6 )•
In a normal fish the preovulatory corpora lutea, not 
described by earlier authors, appear in July-August and by 
November they are rarely seen. It is suggested that they 
may have an endocrine function. In the postspawning period 
they seem to secrete a hormone which may activate the 
preoptic nuclei which, in turn, stimulate the pituitary to
release FSH for the rebuilding of the ovary. It is suggested 
that the postovulatory follicles lying on the outer side 
assume a different function from the corpora lutea of higher 
vertebrates and participate in the formation of new oogonia.
These observations indicate that the ovary is controlled 
by the nucleus preopticus through the pituitary gland (pp.2.42-^,
17. The morphology of the thyroid gland in relation to the 
ventral aorta is described. The follicles form two groups 
separated from one another. They are associated closely with 
the blood vessels which join to form the inferior jugular 
veins. No arterial supply of the thyroid follicles could be 
seen (pp.247-253).
18. Effect of hypophysectomy on the thyroid gland is consis­
tent with the effect known in other fish (p. 2.5)7 ). The 
réfringent bodies are scanty in the hypophysectomised fish 
but, on the other hand, red blood cells are more frequent.
The condition in the control (aquarium fish) and particularly 
in the river fish for that period is just the reverse (pp.255-^ )
19. Gonadectomy is followed by depressed activity in the 
nucleus preopticus, in the basophils of the meso-adenohypo­
physis and in the thyroid gland, whereas the pineal organ 
appears to remain more or less unaffected ^p.265-266).
20. Experiments undér conditions of constant illumination, 
temperature and darkness indicate that constant light and 
temperature do not seem to favour the formation of corpora 
lutea (=corpora atretica) but help in their persistence
2 8 9
(conditions similar in the postspawning period). Constant
light and varying temperature seem to cause the disintegration
of the corpora atretica. This is accentuated in diminished
light and low temperature (winter conditions). It is suggested
that while constant illumination checks the formation of ,
(i.e. 18-19°C)
corpora atretica, constant higher temperature/alone would 
favour it (p. 2-71 )•
21. There is an effect of background tint (which is related 
to light) on the NPO-activity and the maturation of testes 
(p. 274 )• On a white background, when the testis undergoes 
all stages of spermatogenesis, the NPO-activity is less (22) 
whereas in fish on a black background in which the testis is 
not past the secondary spermatocyte stage the NPO-activity 
is high (202).
The relative NPO-activity associated with the maturation 
of the testis may be necessary for the maturation of the 
gonad in the prespawning period and for the partial rebuilding 
of the gonad in the postspawning period. Such an activity in 
the cells of the nucleus preopticus may be a response to 
external stimuli in the prespawning period and later continued 
as a response to external stimuli and internal stimulation 
(possibly from the preovulatory corpora lutea or corpora 
atretica) in the post spawning period (pp-li^ -lis’^ivv) •
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In addition to several changes made in rearranging 
the thesis submitted in November, 1964, the following work 
has been done since then and supplemented in the present 
form of the thesis.
1. The pineal organ became very much folded in a blind 
fish kept under constant illumination and at 18^0 - 1^0 
(Group E, Table la, p.31). In order to verify this effect 
(i.e., stimulation of the pineal organ in a non-functioning 
state of the eyes), a number of groups of fish were examined 
for structural changes in the pineal organ as a result of 
physiological states of the fish (Table 1b, p. 32)*
Blind fish in aquarium (Group A, Table 1b, p. 32) in 
constant illumination at 18-19^0 showed a very much folded 
pineal organ consistent with the observation in one fish 
(Group E, Table la, p,^1). A similar folded condition of 
the pineal organ is present in the blind fish and also in 
3 out of 5, normal fish (Groups E & F, Table 1b, p. 32) kept 
in the dark room at 18-19^0, differing from blind and normal 
fish kept in darkness (Groups F & G, Table la, p. 31) but 
at uncontrolled temperature. On the other hand the normal 
fish (Groups B & C, Table 1b, p. 32) kept in constant illu- 
) ination and temperature (18-19^0),placed on . white and 
black backgrounds respectively, showed a normally folded 
J)ineal organ.
These experiments indicate photosensitivity of the 
pineal organ in the absence of the eyes at 18-19^0 both in 
light and darkness. They thus indicate the existence of 
a relation between the eyes and the pineal organ. However, 
experiments on a larger number of blind raat fish in light 
and darkness and normal fish in darkness at an uncontrolled 
temperature and at a low temperature (4-5^C) are necessary 
during the same period (i.e., April to June), before a
2.
definite conclusion with regard to the effect of temperature 
on the pineal organ in the non-functioning state of the 
eyes is reached.
Very much folded condition of the pineal organ is 
also found after hypophysectomy. While the pineal organ 
is very much folded both after hypophysectomy and in the 
non-functioning state of the eyes, the degeneration effect 
on the ovary is brought about more rapidly after the former 
condition than in the latter. Thus there is a possibility 
of*an antagonism between the pituitary and the pineal organ 
in relation to the gonad (ovary).
However, a study of large number of hypophysectomised 
fish during the same period (i.e., April to June) would be 
more desirable for a proper comparison of the state of their 
gonad with those of the blind fish in light and the blind 
and normal fish in darkness. It would also be justified 
to take the fxsh for ~ai^  these experiments from the same 
source i.e., aquarium stock fish or the river fish so that 
the state of the ovaties is more or less the same.
2. The activity of the nucleus preopticus with regard 
to the elaboration of the neiurosecretory material - as 
determined by counting the NPO-activity units in the monthly 
samples, showed a strong correlation with the reproductive 
cycle. This work was based on one-fish monthly sample 
during one reproductive cycle of the fish for the period.
May 1963 to April 1964. .
This correlation was treated statistically on a larger 
sample of fish collected monthly during the following year 
i.e., for the period May 196$ to May 1963. The findings 
for this period are consistent with those of fish for the 
period May 1963 to April 1964 (see pp.//3-/lir )• They 
provide strong evidence of the neural control on the reproduc 
tion of the fish through the hypothalamus- pituitary axis.
.r
5.
Such a correlation between the nucleus preopticus of the 
hypothalamus and the reproductive cycle of the fish (not 
known in any other fish so far) gives support to the 
experimental evidence of neural control in the regulation 
of the gonadotrophin (Ball et al., 1963).
This correlation, on the basis of the NPO-activity 
units, provides a method for knowing the degree of stimula­
tion of the gonad through the hypothalamo-pituitary axis. 
Strong evidence of this is present in the study of the 
NPO-activity in the maturation of the testes in fish 
placed on different backgrounds in the aquarium as well 
in fish in their natural habitat for the same period.
A preliminary approach to this problem is made in 
the thesis which is, however, based on the study of a few 
fish on the white, black and brown (in the aquarium stock 
tanks) backgrounds and the fish from the natural habitat.
The results of this preliminary .study are very promising 
and this envisages--^ .«tudy on a larger sample of fish in 
order to give a statistical treatment to the problem to 
arrive at a definite conclusion. It is easier to judge 
this effect in the male fish because they can pass through 
all the stages of spermatogenesis even in the aquarium 
conditions.
There is a correlation between the changes in the cells 
of the meso-adenohypophysis (basophils and acidophils, 
especially regarding their maximum length) and the reproduc­
tive cycle. This study is treated statistically (based on 
2 fish in each month and on a total cell count of 40, 20 
each for the two fish) but it would be extended to a larger 
monthly sample of fish (already available from the fish 
belonging to the period May 1964 to May 1963) to get a more 
positive answer in this respect.
Note: The page nos. given here refer to the pages in the 
thesis submitted now. 
fief.:* given on p. 292 in the thesis.
